INTE RAVIA 


Price of this issue — 


U.S.A.: 
Canada: 
British Isles: 


$ 1.00 
$ 1.00 
4/6 


South Africa: 60 Cents 


Rhodesia: 
Switzerland: 
Germany: 
Denmark: 
France: 
Italy: 

Japan: 
Lebanon: 
Netherlands 
Sweden: 


VOLUME XVI 


World Review of Aviation and Astronautics 


with Electronics Supplement 


In this issue 


Outlook for the British Industry 


Plastics in Rocketry « Undercarriages and Tyres 


No. 9 / 1961 





' 





S/PlAMSTR[S 


DIN LFILWITE IN GIs 





--- Of the PHANTOM If 


The unrefueled range of the Phantom rm oper- 
ating from carriers or existing suitable friendly 
land bases allows this twin mission aircraft 
to carry a multi-ton load of conventional or 


nuclear ground strike weapons over 92% of 


i, — 


the earth’s surface. As an air superiority 
fighter, its combat range extends over 96% 
of the earth’s surface. Much of the small area 
outside the influence of the Phantom 1 is in 
the Transpolar Arctic. 
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. ... thirty cities now form part 
of Sabena’s Jet network. 
They are served by the long-range 
Boeing Intercontinental and the 
medium-range Caravelle VI. 
: Since January 19, 1960, sixteen 
cities in Europe, Africa, America, 
and Asia have been added tv the 
Jet routes of Belgian Airlines. 
The latest are Mexico City, 
Madrid, and Tel-Aviv. 
Twenty-one cities in Europe, 
the Middle East, and North Africa, 
some of which already enjoyed 
Sabena’s Boeing services, 
are now on routes served 
by Caravelle VI’s. 
BELGIAN Noild AIRLINES — hy 
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LIMITED 





Supreme for 
high flying aircraft 


Airlite headset with S.P. mask. Airlite headset with noise 
3 Oy. Om Ofe)111-) GE dale) com cancelling carbon microphone. 


Airmed boom mounted Airmed chain toggle harness. 
nalietge)olalelal-Relamelelal-meleluil- a 


Airmed transistor lead Airmed headset tester. 


amplifiers. 


TELECOMMUNICATION 
HEADSETS AND 
OXYGEN MASKS 








Used by more than 40 airlines 
and air forces of the world SEE US AT 
nore i dhe ‘ S.B.A.C. 
.0.A.C.; S.A.S.; Olympic Air- 

ways; Aerolineas Argentinas; STAN D 
Compajfiia Mexicana de Avia- 

cién; Middle East Airlines; 145 
East African Airlines. 
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—-_ giant jet airliners to the smallest 
local-service transports, Mobil means 
quality service, top performance, lower 
operating costs. 


When Lufthansa’s big Boeing jets land 
at many major world airports, Mobil Avia- 
tion Service is ready to supply them quickly 
with Mobiljet through the most modern 
refueling equipment available. 


SATA of the Azores, too—the only air- 
line linking the east Atlantic islands— 
relies on Mobil Aviation Service for its 
de Havilland Herons. Both airlines have 





SATA (top) and Lufthansa (bottom) rely on Mobil Economy Service to protect costly equipment. 


Mobil Economy Service: choice of the 
world’s largest... and smallest airlines 


learned that this service is of the same high 
quality, regardless of size or complexity of 
equipment. That’s why they—and other 
airlines around the world—depend upon 
Mobil Aviation Service. 


Mobil’s experts know aviation service 
requirements from the largest to the small- 
est airlines . . . and tailor their products to 
meet individual requirements. Mobil has 
the equipment on hand to meet the exact- 
ing schedules of modern air transportation 
without delay. When your plane lands, 
Mobil refueling equipment is there... . 
ready to hook up almost as soon as the 


engines stop. No wonder Mobil Economy 
Service is famous throughout the aviation 
industry. 


Mobil Aviation Products 
plus 


= 


ECONOMY, SERVICE 
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THE MOST 
ACCURATE 
FLEXIBLE 4x0 








COMPREHENSIVE 





NAVIGATION 
SYSTEM FOR 
THE JET AGE 
THE DEGCA 
NAVIGATOR 
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The only system capable of meeting all 
the navigational requirements of the jet 
age, the Decca Navigator provides high 
accuracy coverage over a wide area, 
regardless of altitude, terrain or climatic 
conditions. Withthe pictorial presentation 
of the Flight Log pilots can see all their 
required navigational information at a 
glance. All aircraft can maintain any pre- 
selected tracks with ease and accuracy 
and jets can be assigned climb and 
descent paths that permit them to operate 
safely and economically. 

Over 7,000 ships and aircraft already rely 
on Decca—using the same system which 
operates from the ground upwards. 


The Decca Navigator Company Ltd London 























We have to date supplied to 


FRANKFURT-RHEIN-MAIN 


airport a total of 16 airfield refuelers comprising 


3 of 10,000 1.G. capacity (1) 
2 of 8,800 |.G. capacity 

6 of 5,700 |.G. capacity 

5 of 3,960 |.G. capacity 

9 hydrant dispensers (2 & 3) 


For the ground service : 
4 ground power units 
of which 2 self-propelled (4) and 2 trailer type 
17 aircraft energizers (5) 
2 dual voltage units (6) 
2 frequency converters (7) 


STRUVER equipment is to be found 
on many airfields in Europe and abroad. 


AD. STRUVER KG HAMBURG 


Niendorfer Weg 11 — Phone 5831 41 — Telex 0211621 
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I CONTRAVES ITALIANA SoA ROMA 


sith ALARA ALLEL. LASER 2G 


TIME FOR A SEARCHING REAPPRAISAL 


In the light of current developments in air cargo, we chal- 
lenge you to consider this statement. The time has come to 
make a searching reappraisal of air freight operations if they 
are being conducted with obsolete piston-powered passenger air- 
craft that have been converted for cargo. We are convinced that 
these aircraft, although they may still represent a multi-million 
dollar book investment, should now be disposed of, notwith- 


standing current market prices, and replaced by the modern 


all-cargo Canadair Forty Four. Inevitably, the disposal will result 
in a “profitable loss,” because it can be shown that the Forty Four 
is the only all-cargo aircraft able to operate at a profit, either 
domestically or internationally, under the new low freight rates 
and will recover in a short period of time the losses incurred 
on the sale of the outmoded converted equipment. Any 
General Dynamics or Canadair official would welcome the 


opportunity to discuss this in more detail. 


CANADAIR Se82eQi'eveenieg GIlil!D 


Please address enquiries to European Representative: John Winterburgh, Canadair Services Limited, Princes House, 190 Piccadilly, London W.1., England. 











ROLLS-ROYCE vet-uiet 


-have been specified for new 






Ne ee Mee — be ; 
Swe | : | hi a TLL TT” wit 








AN\\\\Y ANN 


a 
ae ANN ail 


| y/ 
nl i ae 4 
EM | L pnp 
| 














KS Wy rl AY, mi |g 
m =i. Sr me ist 


High performance 


Advanced types of military STOL and VTOL aircraft are 
being designed with Rolls-Royce engines because of the 
excellent performance which they offer. The latest jet-lift 
engine has a thrust sixteen times its own weight. Joint de- 
velopment of the Rolls-Royce R.B.162 jet-lift engine has been 
Short Take-off and Landing agreed by the British, French and German governments. 


Experience 


Since 1941 Rolls-Royce have pioneered work on STOL and VTOL powerplants; the company’s 
experience in this field is unrivalled. Techniques have been proved by a wide range of ground and 
flight tests including those with the “ Flying Bedstead " and the Short SC.1 research aircraft. 


ROLLS-ROYCE aero ENGINES : MOTOR CARS: DIESEL AND 














AND PROPULSION ENGINES 
STOL and VTOL military aircraft 













































































Wide choice 


Rolls-Royce can offer a very wide range of jet-lift and 
propulsion composite powerplants suitable for all types of 
subsonic and supersonic STOL and VTOL aircraft. Light- 
weight performance boost can be provided for STOL 
aircraft either by direct jet thrust or by flap-blowing for 
high lift. 





Vertical Take-off and Landing 


Operational advantages 


Aircraft with Rolls-Royce VTOL engines can operate from unprepared surfaces without special 
ground facilities. When using the latest take-off and landing techniques no difficulties are caused by 
recirculation and ground erosion. 


PETROL ENGINES : ROCKET MOTORS : NUCLEAR PROPULSION 





ARGOSY C.MkK.1 


Choice of Transport Command 


HAWKER SIDDELEY AVIATION 


32 Duke Street, St. James's, London, S.W.1 
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the only 





PC 


which can use 
the same runways 


as its propeller-driven 








forbears 








Landing distance 4,820 feet 


CARAVELLE - registered trademark 
the property of SUD-AVIATION 














Sud Aviation 


37. BOULEVARD DE MONTMORENCY. PARIS 16° TEL: BAG. 84-00 
SUD-AVIATION CORP. 500 FIFTH - NEW-YORK 36 N.Y. U.S.A. 








Bonding of aircraft structures has outstanding advantages over 
other methods of construction. Complete continuity of attach- 
ment avoids stress concentrations; lighter structures can be 
employed without loss of strength, with the metal reinforced, 
where desirable, by bonded laminations. 

Redux bonding, invented at Duxford nearly twenty years ago 
and since used in the manufacture of eighty different types of 
aircraft, enables designers to exploit, with complete confidence, 
the advantages of metal bonding. Redux also makes possible 
the use of another interesting material, Aeroweb metal honey- 
comb core for sandwich structures. Panels of Aeroweb sand- 
wich have very high strength-to-weight ratios, stiffness under 
load, freedom from fatigue and smooth aerodynamic surfaces. 
In flat form they are extensively employed for floors and bulk- 
heads while, by using single and double curvatures, aerofoil 
structures can be formed. 

Detailed information will be sent gladly on request. 





















May we welcome you to stand No. 114 (Indoor Exhibition) 
of the S.B.A.C., Farnborough. 
twenty years 


fo) Maalsie-] mm olelareiiarss 





REDUX 


metal bonding 


AEROWEB 


metal honeycomb 


Redux and Aeroweb are registered trade marks CIBA (A.R.L.) LIM ITED, Duxford, Cambridge, England. 


AP 620 
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FRIENDSHIP OF NATIONS 





IN ANY LANGUAGE 


A man should make friends and 
money, in that order, and use both 
wisely. Friendships are jewels and 
there is more art in saving than gai- 
ning. 





Der kluge Mann gewinnt erst Freunde 
und dann Geld. Freundschaften sind 
wie Perlen, und es ist schéner zu 
bewahren als zu gewinnen. 














Through the centuries wise fellows like Socrates and 
Homer and Shaw discussed the art of being careful 
about friendships and money. Of course you agree. 

If you buy anything, from a pin to an aircraft, you're 
smart to insist on something of proven value and proven 
quality. The people who build the Fokker F.27 Friend- 
ships have you in mind. Into the Friendship has been 
built economy, adaptability and money-earning capacity. 
The F.27 flies over deserts, pampas and water, in all 
climatic and geographical conditions, with complete 
dependability, comfort, and at the lowest possible seat 
mile cost. 

It's unique. Today the Friendship is the only aircraft of 
its type in regular service in the world to have proved 
itself over 350,000 flying hours. Passengers like its 
pressurized cabin comfort and high wing visibility; 
airline operators in 19 countries appreciate its fatigue- 
safe structure, its performance and reliability. 

As T.H. Davies, president of the American Piedmont 
Airlines says: “the F.27 is the most efficient and econo- 
mical short range transport aircraft available today”. 
In five continents the Friendship of nations builds 
business. 


Insan, sirasi ile, dost ve para edin- 
. 4 meli ve ikisinide akillica kullanmal- 

idir. Dostluk bir ziynettir ve kazan- 
maktan cok onu devam ettirebilmek 
bir san’attir. 


Een verstandig mens maakt eerst 
vrienden en dan geld, en gebruikt 
beide met overleg. Vriendschappen 
zijn als juwelen en het is een grotere 
kunst te sparen dan te verdienen. 
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Jost 


FLIGHT SAFETY FOUNDATION 
MEMBER 


G ‘p S Flight Procedure Trainer 


4 An entirely new flight 
procedure trainer which 
enables student pilots 
to be given training 
exercises such as cockpit 
checks and drills, 
engine starting, running 
and take off, with flight 
and radio procedures 
under instrument flight 
conditions with rapid kit 
conversion to:— 





























TWIN TURBO-PROPELLER 
FOUR TURBO-PROPELLER 
TWIN JET 
FOUR JET 
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GENERAL PREGISION SYSTEMS LTD. 


AYLESBURY . BUCKINGHAMSHIRE ENGLAND 
Telephone: Aylesbury 4611/7 Telegrams: Trainair Aylesbury Telex: 83130 
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GRavineR 
FIREWIRE Triple FD 


The optimum 
aircraft fire and 
overheat detector 









DEMONSTRATION AT 


STAND 219 


S.B.A.C. FARNBOROUGH 


* Another first by Graviner 
%* Responds only to temperature rise 
* Will not alarm if accidently short circuited 
% Uses standard Firewire elements 
* World wide availability 


%* System manufactured in U.S.A. 
by FENWAL, ASHLAND, MASSACHUSETTS 





GRAVINER - COLNBROOK - SLOUGH + BUCKS - TELEPHONE: COLNBROOK 2345 
Gee 
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INTERAVIA 


Air Transportation 


IATA North Atlantic traffic for 19 member 
airlines showed a major increase in capacity, 
a small increase in passenger volume, and a 
drop in load factor for the second quarter 
of 1961: 





Per- 

2nd 
; Eco- centage 
First nomy — over 
1960 





Seating capacity | 176,747 | 818,242 | 994,989 | +47.3 


Revenue 
passengers 72,277 | 428,000 | 500,277 | + 4.5 
% seats utilized 40.9 52.3 50.3} —20.6 























Cargo and mail volumes recorded on North 
Atlantic passenger and cargo flights during 
the quarter were: 





Passen- 


ger Cargo Total Variation 





Cargo (kg)} 7,997,493 | 6,417,599 | 14,415,092) +35.2 
Mail (kg) | 3,255,056 | 1,344,310 | 4,599,366] +38.4 























A US Civil Aeronautics Board Examiner 
overruled foreign carriers’ objections in 
August, and recommended that public 
hearings ‘should be held on the thorny 
question of such carriers being required to 
submit schedules for approval by CAB and 
to furnish other traffic data on demand. 
CAB hearings would affect most carriers 
operating into the United States. 

* 


KLM Royal Duteh Airlines reports a net 
loss of Hfl. 19 million ($5.32m) for second 
quarter 1961, giving a total loss of Hfl. 
37 million ($10.27m) for first half 1961; in 
large part due to the sharp decline in traffic 
trends on the North Atlantic run. French 
independent Transports Aériens Interconti- 
nentaux (TAI) reports gross revenues up a 
healthy 25.7 percent to NF 65,359,389 
($13.1m) for first half 1961. In the United 
States, international operator Trans World 
Airlines came up with a loss of $11.7 million 
for first half 1961, against a profit of $4,000 
in the first half 1960. TWA’s net profit for 
the month of June was down to $547,000, 
compared with a record $4.4 million reported 
for June 1960. Two US domestic operators, 
United Air Lines and Delta Air Lines, 
showed a more favourable position. United 
net earnings totalled $3,359,000 for first 
half 1961, against a net loss of $1,085,000 in 
first half 1960, with revenue ton-miles up 
25 percent. Delta had net income of 
$4,651,836 for fiscal year ended June 30th, 
1961, against $2,839,083 in the previous year. 


The United States and the Soviet Union 
reached basic agreement in last month’s 
negotiations for establishment of a direct 





* “ Interavia Air Letter” is a daily international news 
digest for specialist circulation, published in English, 
French (“ Courrier Aérien”), and German (“ Luft- 
post”), All rights reserved. 


reports...” 


New York-Moscow air service, and operations 
may start next spring. CAB has already 
approved PanAm for the route and tech- 
nical details are being worked out with the 
Soviet flag carrier Aeroflot. 

a 


The UK and the United Arab Republie signed 
a new bilateral air agreement in August, 
reinstating full BOAC rights in operation 
prior to the Suez crisis. BOAC reopened 
service in 1960 under a temporary permit 
and currently operates seven roundtrip 
flights a week through Cairo. BEA does not 
serve Cairo, which is included on affiliate 
Cyprus Airways’ network. 

» 


Middle East Airlines, with the support of 
Lebanese banking and commercial interests, 
will buy out BOAC’S 48.43 percent holding 
and gain full independence. Both BOAC 
management and the British Ministry of 
Aviation have agreed to the deal. BOAC’s 
shareholding is valued at about £400,000 
($l1.1m), but the total amount involved 
including repayment of BOAC loans is said 
to be in the order of £3.5 million ($9.8m). 
MEA has complained of increasing competi- 
tion from British European Airways in the 
Middle East and Chairman Sheikh Najib 
Alamuddin has said that the carrier cannot 
fight this without affecting relations with 
BOAC., 


Swissair’s first leased Convair 880-M arrived 
in Zirich on August 12th and went to Stock- 
holm-Arlanda Airport for crew training 
preparatory to introduction on the carrier’s 
Far East route on September 10th. A second 
880-M was due later in August. Frequency 
will be three roundtrip flights a week through 
India and Thailand to Tokyo. 

3 


SAS Seandinavian Airlines System plans to 
introduce Convair 990 Coronados on the 
South American route in mid-January 1962, 
to South Africa in February and on the 
Southern route to the Far East in March. 
SAS will introduce twice-weekly DC-8 
service on the Southern route to Tokyo on 
September 28th, supplementing two Polar 
route flights each week via Anchorage to 
Tokyo. 

* 


British European Airways has signed a 
£2.5 million contract with Standard Tele- 
phones & Cables for the first part of a new 
electronic reservations system. Final total 
cost will be in the order of £4.5 million. The 
system will be built round four computers 
to be installed in BEA’s new West London 
Air Terminal now under construction. 
Initially serving only reservations desks in 
the London area, the final installation will 
be one of the biggest of its type in Europe, 
linking BEA’s whole system by direct 
landline. 

* 


The Canadian Air Transport Board opens 
public hearings September 15th to review 
regional air service requirements in the 
western provinces. Recent decisions on 
eastern routes have supported the policy 
of strengthening local carriers even at the 
expense of government-owned Trans-Canada 
Air Lines. Some western Canadian regional 
carriers are in urgent need of support, and 


Pacific Western, the country’s third largest 
operator, is fighting for survival and has 
an immediate requirement for new equip- 
ment. Recent re-financing moves fell 
through, and the company is now reportedly 
investigating a possible merger with Transair 
Ltd., of Winnipeg. 

e 


American Airlines has confirmed an order 
for 25 Boeing 727s valued at $131.5 million. 
Deliveries should commence in 1964. 


The IATA 1961 AGM opens in Sydney on 
October 23rd and planning by Australian 
host carrier Qantas is already well ad- 
vanced. Indications are that the meeting 
will be the best attended yet. Bookings 
already total 420, including delegations from 
70 of the 92 member carriers. Conference 
location will be the new Chevron-Hilton 
Hotel. 


Industry 


Messerschmitt is assembling Lockheed F- 
104G components supplied from the United 
States at the rate of one aircraft every 
14 days. The first European -assembled F-104G 
flew at Manching on August 10th, and 
Messerschmitt expects to complete a further 
fifteen by the end of the year. The West 
German Air Force’s 3lst Fighter- Bomber 
Wing should have 42 Starfighters available 
by July 1962. 

In the Netherlands, Fokker is now complet- 
ing final assembly of the first two of 30 Lock- 
heed F-104Gs to be built from US compo- 
nents, and the first aircraft is scheduled for 
flight testing in November and delivery in 
February 1962. The North Group’s first 
production F-104G is scheduled for comple- 
tion in June 1962. 

Canadair has a $847,000 Lockheed contract 
to manufacture F-104G components for the 
Italian production programme. First par- 
tially-completed wing sections, aft fuselage 
and tail units will be delivered to Italy in 
December and continue until July 1962. 


The US Federal Aviation Ageney has outlined 
an 8-year programme for development of a 
Mach 3 transport by US aircraft manufac- 
turers with government assistance. Admin- 
istrator Halaby said the programme calls 
for R&D of essential components through 
mid-1963, with construction of the first 
flight vehicle commencing by January 1964 
and initial flight testing scheduled to begin 
in January 1967. Type certification is 
anticipated by January 1970. As currently 
envisaged by FAA, the Pentagon, and NASA, 
the US supersonic transport will have a 
gross weight of 400,000 lb, range 4,000 miles, 
capacity for 100 first- or 150 tourist-class 
passengers, and a cruising speed of 2,000 
m.p.h. at 65,000 ft. Total development cost 
is estimated at $500 million with a unit 
production cost of about $15 million. The 
Kennedy Administration wants to hand 
over as much of the development effort as 
possible to US private enterprise and expects 
to recoup government funds invested in 
the project. 

* 


NASA has invited twelve companies to 
submit prime contractor proposals for the 
manned lunar Apollo spacecraft for lunar 
orbital flights and lunar landing. Companies 
to submit bids by October 9th are : Boeing, 
Chance Vought, General Dynamics, Douglas, 
General Electric, Goodyear Aircraft, Grum- 
man, Lockheed, Martin, McDonnell, North 
American, and Republic. A general industry 
briefing on the Apollo spacecraft was held 
in Washington on July 18th-20th. e 


NASA has given companies (Martin, Lock- 
heed, GD Astronautics, and Douglas) $75,000 
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Prototype of the HF-24 single-seat supersonic fighter built by Hindustan Aircraft Ltd. in Bangalore to a design by Pro- 
fessor Kurt Tank. On its scheduled first flight earlier this year the HF-24 did not get off the ground but rapid repair work 
permitted a successful flight on June 24th. Pilot was Wing-Commander S. Das. Provisionally, the HF-24 prototype is 
powered by two Bristol Siddeley Orpheus BOr. 3 (Mk. 803) of 5,000 Ib thrust each, but these will later be replaced by two 
Orpheus BOr. 12s with afterburners. The BOr. 12 has a dry thrust of 6,810 Ib or 8,170 Ib with afterburning, and the produc- 


tion model HF-24 will have these units. 


six-month contracts to study vehicle pre- 
liminary design problems involved in flight 
testing a nuclear rocket engine in an upper 
stage of the Saturn booster. Last August, 
Martin and Lockheed received $100,000 
contracts to study requirements of a nuclear 
rocket flight test programme and the new 
contracts will advance the study into the 
preliminary design phase. 


Sylvania Electric Products Ine. has received 
an FAA contract (value unspecified) for 
provision of 38 Visual Glide Slope Indicator 
systems for installation at major commercial 
airports throughout the United States. The 
system was originally developed by the 
British Royal Aircraft Establishment and 
Thorn Electrical Industries Ltd., a Sylvania 
affiliate. 


Douglas Aircraft has set up two new divi- 
sions and is undertaking a long-term 
facilities modernization programme. The 
Missiles and Space Division is headquartered 
at Santa Monica and the new Aircraft 
Division at Long Beach. 


Ferranti Ltd. has signed a contract with the 
West German Ministry of Defence for supply 
of evaluation models of ISIS (Integrated 
Strike and Interceptor System) Aircraft 
Fire Control System. Four different versions 
of ISIS are to be tested in a Fiat G.91, over 
300 of which are at present on order for the 
Federal Air Force. ISIS was developed at 
Ferranti’s Edinburgh laboratories and is a 
simple, lightweight system for aiming guns, 
rockets and bombs. Independent of any 
radar equipment, ISIS employs a gyroscopic 
method of measuring range to surface 
targets. 

@ 


D. Napier & Son Ltd. has given Shin Mitsu- 
bishi Heavy Industries Reorganized Ltd. of 
Tokyo licence production rights for the 
Spraymat electrical de-icing system. Japa- 
nese production will commence in early 1962. 


Hawker Siddeley Aviation subsidiaries Sir 
W. G. Armstrong Whitworth Aircraft and 
Gloster Aircraft have been merged to form 
Whitworth Gloster Aircraft. Chairman is 
Hugh Burroughes (Gloster Chairman). W. 
8.D. Lockwood (AWA) is Managing Director. 


The first of 24 de Havilland DH.121 Tridents (three rear-mounted Rolls-Royce Speys) for BEA came off the assembly line 
at de Havilland’s Hatfield plant last month. Flight testing is due to start this year, and first deliveries to BEA are scheduled 
for late-1963. De Havilland also delivered the last of 14 four-jet medium-range Comet 4Bs to BEA last month. 
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The Italian Selenia company has a Swedish 
military order to supply 14 meteorological 
radars, with delivery scheduled over the 
next two years. Value of the contract is 
reportedly over 500 million lire ($800,000). 


Siai Marchetti has a pre-production batch 
of ten four-seat FN 333 Riviera amphibious 
aircraft in hand, with completion scheduled 
shortly. The company plans a production 
batch of 200 aircraft, of which 40 are ex- 
pected to go to the North American market 
and 160 to European customers. The FN 
333 was designed by Nardi and is produced 
by Siai Marchetti under licence. 


Military affairs 


The United States’ defence appropriations 
bill for fiscal 1962 has been approved at a 
peace-time record of $46,662,556,000. Final 
revised version appropriates $525 million 
for continued production of B-52 and B-58 
bombers and also includes $400 million for 
stepped-up development of the B-70 bom- 
ber. New funding for the Army totals 
$11,802,312,000; the Navy $14,505,665,000; 
the Air Force $18,836,534,000; and the 
Office of the Secretary of Defense $1,310- 
445,000. Civil defence funds for commence- 
ment of work on a multi-billion dollar 
civilian shelter programme totals $207.6 
million. 

i 


The US Air Force and Navy are being pushed 
into cooperative purchasing of utility-type 
transport aircraft (JetStar, Gulfstream and 
F-27) by Congress. Joint procurement must 
be agreed, otherwise funds will be with- 
held. The Navy says it still has the Grumman 
and Fairchild models under consideration, 
and possibly one by Convair. The Air Force 
has so far refused to consider anything but 
the jet-powered Lockheed (-140 JetStar. 


The US Navy has funds to start consideration 
of a new ASW seaplane to succeed the 
Martin P5M which is scheduled for phase- 
out by 1966. The Navy is expressing concern 
regarding the US Government lag in aero- 
nautical research as a result of missile and 
space project competition for funding. The 
Navy wants an ASW seaplane prototype 
funded, as well as prototypes for new carrier- 
and land-based patrol aircraft, carrier-based 
logistics aircraft, and a heavy logistics 
helicopter. Navy circles also claim that work 
is lagging on light air-breathing engines, high 
thrust engines for vertical risers, and ramjet 
engines. 

& 


The US Navy Bureau of Weapons has re- 
ceived industry proposals for development 
of the ARM (Anti-Radar Missile) system, 
a small, light, short-range, air-to-surface 
missile to home in on hostile land- or sea- 
based radar installations. The Navy has 
had the project under study for several years. 


NORAD’s Skyshield II exercise, scheduled 
for October 14th, to test the continental air 
defence system, will ground commercial and 
private flights over the entire North Ameri- 
ean continent for a 12-hour period. Royal 
Air Force V-bombers will make a simulated 
strike from UK bases against the US and 
Canada. The USAF will fly over 6,000 sorties, 
and missile bases and radar units will also 
participate. 

> 


The Italian Air Foree’s 36th Aerobrigade, 
two units of which are equipped with 30 
Jupiter missiles, is being placed under 
NATO command. Training and technical 
assistance is being provided by the USAF 


(Continued on page 1179) 






















Atlas Copco's contribution to the jet-age — an 
Air Partner starting a jet airliner at London Airport 


ompressed air is power. Little more than one 

minute is needed for the Atlas Copco “Air 
Partner” to start the four-engine jet giants of today. 
Many of the world’s principal airlines now use this 
mobile screw compressor unit - and at Idlewild, 
London, Orly, Dusseldorf, Hong Kong and other major 
airports the Air Partner is regarded as an essential 
part of the ground service facilities. 


Wherever you go you willfind Atlas Copco equipment 
at work; portable compressors for a new Middle East 
pipeline, sprayguns at Jaguar's Coventry works, 
loaders in the German coalmines or rock drills for 
Ghana's new Tema Harbour project. The company’s 
air-tools are used to build Sud-Aviation’s Caravelle. 
Philips, Vauxhall and |.C.1. have chosen Atlas Copco 
compressors for applications where continuous air 
supplies are vital. 


With companies or agents in more than 100 countries, 
Atlas Copco is the world’s largest organisation 
specializing in this field. Wherever you are, the 
international Atlas Copco Group will advise you on 
the applications of compressed air and provide a 
complete after-sales service, 


Group Headquarters: Atlas Copco AB, Stockholm 1, 
Sweden. 


Atlas Copco puts compressed air 
to work for the world 


SALES AND SERVICE IN OVER 100 COUNTRIES 


THE TREND IS TOWARDS 
AIR PARTNERSHIP 


















































MORE POWER 
FOR FRANCE 


The Roselend Valley projectin 
the Savoy Alps involves build- 
ing two dams and a 476,000kW 
power station. Atlas Copco 
equipment has been used 
almost everywhere on this 
project — more than 100 rock 
drills and many thousands of 
Sandvik Coromant drill steels 
being employed to drive the 
main tunnels. 


THROUGH THE HEART 
OF MONT BLANC 


When the seven-mile Mont 
Blanc road tunnel is com- 
pleted, motorists will have an 
all-year-round Alpine route 
between France and Italy. 
More than half the tunnel is 
being driven from the Italian 
side with Atlas Copco rock 
drills and Sandvik Coromant 
dril steels. Power is supplied 
by Atlas Copco compressors. 


OIL PROSPECTING 
IN THE SAHARA 


Many of the companies pro- 
specting for oil in the Sahara 
employ seismic techniques. 
Atlas Copco supply special 
equipment for drilling sound- 
ing holes. A typica! unitis this 
Atlas Copco truck-mounted 
compressor — air-cooled for 
desert work — driving a chain- 
fed rock drill with Sandvik 
Coromant drill steels, 
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Saying “ useful load”... 


and meaning it! That’s what the new Aermacchi-Lockheed SANTA 
MARIA does. This is not just “another” lightplane... it is made to order 
for the man who needs a working airplane—and the proper way for an 
airplane to work, is to carry a really useful load. From propeller spinner to 
rudder, the “ Santa Maria ” is all muscle and bone—no delicate gadgets— 
no chrome ... and there is more than 1,500 lb you can use to carry equip- 
ment, fuel, people, cargo. At full range, the payload is still as high as 
940 lb—and there is ample fuselage room available for such bulky 
items as gasoline barrels, vehicles or five passengers. The SANTA 
MARIA is already in quantity production and FAA certificated. 





Practical range (with 
reserves) 550 miles 
with a 940 Ib pay- 
load—take-off _ dist- 
ance to 50 ft, 1050 
ft—full __ procedural 
500 ft/min climb avai- 
lable at 17,000 ft 
altitude (with turbo- 
supercharged engine). 


AERMACCHI - LOCKHEED SANTA MARIA 


Information on delivery dates from the Sales Manager, Aeronautica Macchi S.p.A., via Sanvito Silvestro 80, Varese, Italy 








TAKE A 





APRON SURVEILLANCE 


Television presents an all- 
round view of the complete 
parking area, eliminating 
the blind spots and en- 
abling the marshalling 
supervisor to see the num- 
ber and disposition of air- 
craft anywhere on the 
apron. 





GOOD VIEW 


AIR TRAFFIC CONTROL 


Television can present 
tabulated flight progress 
information instantane- 
ously wherever it is re- 
quired in an air traffic 
control centre. 





DATA TRANSMISSION FOR AIR TRAFFIC CONTROL 


PASSENGER HANDLING INFORMATION 
ARRIVAL/DEPARTURE INFORMATION 
FLIGHT SCHEDULE INFORMATION 
FLIGHT MOVEMENT INFORMATION 
WIND TUNNEL OBSERVATION 
MET. BRIEFING 

DOCUMENT TRANSMISSION 
TRAINING 

FLIGHT TESTING 

RUNWAY OBSERVATION 


APRON SURVEILLANCE 


MARCONI 


TELEVISION FOR AVIATION 


Closed Circuit Television Division 
MARCONI’S WIRELESS TELEGRAPH 
COMPANY LIMITED 
BASILDON, ESSEX, ENGLAND 


RESEARCH 


Observation of after burn- 
ing in a gas turbine engine 
at a government research 
station. This is typical of 
the many research applica- 
tions for which television 
is being used to-day. 
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AIRCRAFT 
CONSTRUCTION 






INDUSTRIE 
MECCANICHE AERONAUTICHE MERIDIONALI 


AERFER 
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Wherever performanc 

the trend is toware 
airways surveillance and 
terminal area control 


Ensures longer range for given 
transmitter power. 


| Penetrates thick weather without 
| loss of efficiency. 


| Crystal controlled MTI for tos 
elimination of permanent clutter. : 





Provides instant ‘readiness after. 
prpleriged shut down, 


RADAR DIVISIO! 
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the white heat of speed... the frigid cold of space 





STARFIGHTER’S TEMPERATURE EXTREMES REQUIRE 
PRESTOLITE 350 WIRE. The Lockheed F-104G scorches along at Mach 2 plus, 


punches holes in the frigid stratosphere at 100,000 ft. That’s why Prestolite 350 silicone-rubber-insulated wire 
was specified for the ‘‘missile with a man in it.” Giving top performance from 400°F to —80°F (where it’s still 
flexible), Prestolite 350 Wire has high resistance to flame, abrasion, most missile and aircraft chemicals and 
lubricants. It is smokeless, won’t discolor at maximum cable-operating temperatures, free stripping. It can be 
printed easily with conventional marking machines, meets Spec. Mil-W-8777 U.S.A. F., is available in sizes 22 
through 2/0. Many manufacturers find that Prestolite 350 Wire cuts production costs, too, compared with other 
high-temperature wires. THE ELECTRIC AUTOLITE COMPANY, Export Sales: Geon International, Great Neck, L. I., U.S.A. 


THE ELECTRIC AUTOLITE CO. o:.°° * 
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~——— emabanasteo-cantatetinmensesieaiansion 


MARCONI 
sixty 


series 


. anew 
generation 
of 
airadio 
equipment 


1D] AY (C7 EO) aed 7-1/0 





AD 160 VHF COMMUNICATION 
AD 260 VHF NAVIGATION 
AD 360 AUTOMATIC DIRECTION FINDING 





SPECIFIED BY 
B.O.A.C. FOR VICKERS VC. 10 
B.E.A. FOR D.H. TRIDENT 


ae —_— 


MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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Photographed at Frankfurt/Main on the proud wing of a LUFTHANSA 707 Intercontinental... 


Why everyone at LUFTHANSA says 


Though LUFTHANSA has convenient schedules to all 
parts of the world (North and South America, the 
Near, Middle, and Far East), swift Boeing 707 Jet 
Intercontinentals and Boeing 720 B’s, superb Continental 
service and cuisine... we still say, see your Travel 
agent. Your Travel Agent serves you, in your best 
interests, by planning your trip down to the last detail (if 
you wish), obtaining your tickets, hotel reservations, 





a @ 
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jet engines by Rolls-Royce 


"See Your Travel Agent” 


arranging sightseeing, renting a car or a yacht, cutting red 
tape, coordinating and recommending. He is equipped to 
perform services so wide and varied it would take pages 
to detail them. He can save you time, trouble and 
money. Makes no difference whether your trip is a short 
one or around the world. 

Why travel without the expert advice of your Travel 
Agent? See him... about any travel problem. 


LUFT HANSA 


THE LEADING AIRLINE 


FOR SERVICE 























LEADERS IN FIRE GONTROL 


50,000 Fire Control Systems have been supplied 
to over 30 of the World's Air Forces. 


Delivery of Airpass | Radar Fire Control Systems 
began over 2 years ago—the first high power 
mono-pulse radar system in the World to enter 
squadron service. 


AND NOW 
AIRPASS Il FOR THE 


DASSAULT ‘MIRAGE’ 


GROUND ATTACK 
@ GROUND MAPPING 


INTERCEPTION 


@ RADAR SEARCH 


AUTOMATIC TARGET @ CONTOUR MAPPING 
TRACKING 


* 

@ COMPUTER CONTROLLED @ TERRAIN CLEARANCE 
APPROACH 

© 


BLIND OR @ BLIND OR VISUAL 
VISUAL ATTACK ATTACK 


FERRANTI 


First into the Future 


1211 


DEAn 


SCOTLAND - TELEPHONE 


EDINBURGH 5, 


FERRY ROAD, 


LTD., 


FERRANTI 





ES/T 76 
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FIAT G91T 






Universal trainer for 

training from the ab initio | 
to the advanced | 

and operational stages 
























Engine 
FIAT 4023-002 Bristol Siddeley Orpheus 80302 
(Bristol Siddeley licence) 
Static emergency rating (low altitude) ...... 5,000 Ib 
Maximum continuous static rating (low altitude) . 4,200 lb 


Dimensions 

I AE ie i eS eo a & Gow ae eee 38.65 ft 
INE Nog hang, ey sg REE EO a Be 28.20 ft 
ge RE ee a ee eee eee 14.60 ft 
NN i eS we eT SO A 176.74 sq. ft 
Weights 

Ire re ee ak eer ae eee ee ae 7,275 Ib 
ee eee ae ee ee 11,770 Ib 


Characteristic ratios 


Wing loading at takeof?.. . . 0. 1 2 wee 66.6 p.s.i. 
Weight/thrust ratio at takeoff... .......+.4. 2.35 


Performance Data 


Maximum horizontal speed .......... Mach 0.92 
Stalling speed at 11,000 lb. ........44.-. 124 kts 
Time from brake release to: 

eee ce ard Sel ek eS Gee 3’ 20” 

EN deg. a Raa a See 5! 55” 
CC EE ee ae ee ee ee 42,650 ft 
ee ee ee eae 2,590 ft 
Oe Pere ee eee Cee 1,215 ft 


Range with external fuel tanks ........ 






Fiat el Divisione Aviazione Corso Giovanni Agnelli 200, Turin (Italy) 

































A. Cockpit Address Amplifier 
UA 6005 — 2 off 


B. Cabin Address Amplifier 
UA 6000 — 2 off 


C. Junction Box UA 6054 —1 off 





OTHER VC10 EQUIPMENT 
NOT ILLUSTRATED INCLUDES : 


Sub-junction Box UA 6052 — 1 off 
Cabin Address Pre-amplifier 

UA 6066 — 3 off 

Fader Junction Bex 

UA 6067 - 1 off 


Ground Crew Amplifier 
UA 6071 — 1 off 














; Py tt 4 Presto tees 
D. Station Box Ae Ree j SR sey “toon | 


UA 6021/1 —5 off a 
E. Microphone Selector Box i 
UA 6081 — 6 off 
F. Ground Crew Jack Box 
UA 6075 — 11 off 


YOU'LL FIND ULTRA 


COMMUNICATION CONTROL, INTERCOM & CABIN ADDRESS 





ca h The versatility of Ultra Type UA 60 Communication control and intercom equipment 
eee in t e is clearly indicated by the variety of aircraft for which it has been specified, ranging 


from the Westland Scout helicopter, with seven services, to the Short Bros. and 
Vi CKERS Harland Belfast transport aircraft with thirty-one. And it is equally suitable for 
American and British radio installations. Audio diffusion amplifiers range from a 
* 2-watt cockpit address type—with integral, but detachable, speaker—to a 60-watt unit 
VC 1 O developed for use in the Vickers VC10 passenger address system. 


* Announcement by courtesy of Vickers-Armstrongs (Aircraft) Limited 


Please send for brochure 
U] aaa RA ULTRA ELECTRONICS LIMITED 


WESTERN AVENUE - LONDON: WS: Telephone ACOrn 3434 





COMMUNICATIONS - CONTROL AND INSTRUMENTATION : DATA PROCESSING EQUIPMENT 
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i 
. 
The Bristol Siddeley Viper turbojet has been selected for De Havilland’s 
new 500 mph executive transport—the Jet Dragon. 
> 
] 
The Bristol Siddeley Olympus turbojet powers the Avro Vulcan V-bomber, and 
has been chosen for BAC’s new supersonic tactical/support aircraft—the TSR 2. 
The Bristol Siddeley Orpheus turbojet powers the NATO standard strike 
fighter—the Fiat G 91. 
1 





The Bristol Siddeley Stentor rocket engine powers the Avro Blue Steel 
stand-off bomb carried by the Avro Vulcan bomber. ‘ 


Airliners, transports, trainers, 
space probes—in service all 





The Bristol Siddeley Proteus turboprop powers the Bristol Britannia 
airliner in service with 12 airlines and RAF Transport Command. 





The Bristol Siddeley Sapphire turbojet powers the Handley Page Victor Mk 1 
V-bomber which plays a vital role in the RAF’s deterrent force. 





The Bristol Siddeley Orpheus turbojet powers the Folland Gnat light 
fighter—in service with Finland and India. 





The Bristol Siddeley Gamma rocket engine powers the Saunders-Roe Black 
Knight—Britain’s highly successful space probe. 





a A ANE 

















bombers, fighters, missiles, 


over the world... 





The Bristol Siddeley Viper turbojet powers the Hunting Jet Provost—the 
RAF’s standard basic trainer. 





The Bristol Siddeley Sapphire turbojet powers the Gloster Javelin all- 
weather fighter—a potent weapon in Britain’s round-the-clock defence. 











The Bristol Siddeley Orpheus turbojet powers the H A LHF 24 supersonic 
fighter—‘irst Indian jet aircraft. 













Sia f Paps 


The Bristol Siddeley Viper turbojet powers the Macchi MB 326 jet trainer 
which caters for both basic and advanced training in the Italian Air Force. 


aaa 





The Bristol Siddeley Pegasus turbo =e Sin? 


VTOL strike aircraft. 


The Bristol! Siddeley Thor ramjet powers the Bristol/Ferranti Bloodhound 
guided missile ordered by Britain, Australia, Sweden and Switzerland. 


.._ AND BRISTOL SIDDELEY 
SUPPLY THE POWER 


BRISTOL SIDDELEY ENGINES LIMITED— 
one of the largest producers of motive power units in the world. 


CENTRAL OFFICE: MERCURY HOUSE, 195 KNIGHTSBRIDGE, LONDON Sw7. 
AERO-ENGINE DIVISION: PO BOX 3, FILTON, BRISTOL, ENGLAND. POWER DIVISION: PO BOX 17, COVENTRY, ENGLAND. 
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AUTOMATION 


... take-off to touch down 





A new concept 
in flight control 


Barely a generation ago two young brothers 
transformed a dream into reality at Kitty 
Hawk. Today supersonic flight and regular 
round-the-world schedules are already taken 
for granted. We are even approaching the 
time when it will be possible to direct the 
whole of a commercial aircraft’s flight from 
its destination airport thousands of miles 


Such an achievement demands sophisticated 
equipment—tried and tested under all condi- 
tions. Elliotts alone are in a position to 
provide all the necessary equipment from 
within one group. Very soon Elliotts will 
transform this dream into reality with an 
achievement which, a generation hence, will 
likewise be taken for granted—as indeed are 


A TYPICAL 
FLIGHT PLAN 
OF THE 
NEAR FUTURE 





away. all great achievements. 


In the arrangement shown diagramatically 
above, an airborne digital computer co- 
ordinates all navigational information, 
which is communicated to the destination 
point, where the ground computer fits the 
aircraft’s arrival into the landing pattern. 
Throughout the flight the airborne com- 
puter communicates with the pilot, 
giving information on track and fuel 
management. 


Visit our Stands 
253/254 
at FARNBOROUGH 





Elliott Brothers (London) Limited 
invite you to visit Stands 253 and 
254 at Farnborough. In the Radar 
area outside the Exhibition Tent there will also be a special demonstration of some 
of the many different uses of an Elliott general purpose digital computer in the 
world of aviation. 


A member of the Elliott Automation Group 


E|LIOTT 





ELLIOTT BROTHERS (LONDON) LIMITED 


Elstree Way, Borehamwood, Herts. Telephone: Elstree 2040. Airport Works, Rochester, Kent. Telephone: 44400 Chatham. 


Aviation functions covered by Elliott Automation include:—Seat Reservation Systems, Automatic Pre-flight Checking Equipment, Flight Control Systems, Autopilots, Inertial Navigation Systems, 
Airborne Digital Computers, Fuel Management Systems, Navigation and Communications Equipment, Radar Systems, Telemetry, Air Traffic Control, Blind Landing Systems, Aircraft Instruments 
Service and Repair, High Duty Relays, Servo Components, Special Purpose Hydraulic Valves, Digital Simulation Systems. 
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Hirst supersonic trainer with twin-jet safety 





The Northrop T-38 Talon, now in use by the U.S. Air Force, is the world’s 
first twin-jet supersonic trainer. Soon every USAF pilot who learns to fly 


today’s military aircraft will be trained N h T. 38 
in the supersonic safety of the T-38. ort rop 


NORTHROP CORPORATION, BEVERLY ILLS, CALIFORNIA, U.S.A. 











WESTLAND 


range of 
turbine powered 
helicopters 
includes machines 


to meet all 
foreseeable 


requirements both 
Civil and Military 


in any part of the 

















WPL TFYLTDD the creat name in HELICOPTERS 


WESTLAND AIRCRAFT LIMITED 


YEOVIL 


ENGLAND 


Incorporating SAUNDERS-ROE DIVISION, BRISTOL HELICOPTER DIVISION and FAIREY AVIATION DIVISION 
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Seventeen Orbits 
Round the Earth in 25 Hours 


Mankind, already so accustomed to pilot- 
less space travel that news on this subject 
has long since disappeared from the news- 
paper headlines, will soon become just .as 
blasé about the astronauts’ ventures and 
take them merely as a matter of course— 
especially if launchings of spacemen con- 
tinue in as rapid succession as hitherto. 
The first space-flight records * had hardly 
been entered in the record book of the 
Fédération Aéronautique Internationale— 
Gagarin, Shepard, and Grissom had, so to 
speak, not yet finished their triumphal 
tours—when these achievements were com- 
pletely outclassed by a new spaceflight. On 
August 6th, at 06:00 hours G.M.T, the 
Soviet spaceship Vostok 2, manned by Air 
Force Major Gherman Stepanovich Titov, 
took off from Baykonur, 187 miles East of 
the Sea of Aral. Vostok 2 was not content 
with one or two orbits, but carried out 
seventeen. The Russians’ confidence in 
their own success was shown by the fact 
that they announced the attempt long 
before it was concluded. The same fact also 
goes to prove that the operation was pre- 
ceded by most thorough testing. 

In the words of Tass, “Titov, in the 
course of the flight, took over the controls 
of his spaceship.” This must surely mean 
the attitude controls, for a change of the 
orbit was undertaken only once, namely on 
re-entry, and this by means of braking 
rockets. After leaving the spaceship in the 
ejection seat, Titov landed safely by para- 
chute in the Saratov area, some 450 miles 
south-east of Moscow, on August 7th at 
07.18 hours G.M.T. The spaceship, too, 
was safely recovered with the aid of para- 
chutes. During its 25-hour flight, the 





* Records set up on April 12th, 1961 by Yuri 
A. Gagarin, USSR, in the space vehicle Vostok 1: 
duration in orbit 1 hour 48 minutes; maximum 
altitude in orbit 203 miles; maximum weight in orbit 
at a maximum altitude of 203 miles, 10,417 Ib. 
Those set up on May 5th, 1961 by Alan B. Shepard, 
USA, in the Mercury space vehicle “Ireedom 7”: 
maximum altitude in ballistic path 115.769 miles ; 
maximum weight in ballistic path 4040.19 Ib. 
Contrary to previous FAI practice, details regarding 
takeoff and landing places were omitted. 


Gherman Titov, second Soviet 
spaceman. 


Vostok 2 covered a total of about 437,000 
miles, in other words a distance nearly 
equal to that of a return journey from the 
earth to the moon, at an average speed of 
17,800 m.p.h. Vostok 2 is reported to have 
carried supplies sufficient for ten days, in 
case required. 

The main objects of this second Soviet 
manned spaceflight were to test the func- 
tioning of the equipment during a longer 
operation, and to determine the effects on 
the human body, with particular reference to 
work capability in a state of weightlessness. 
The pilot confirmed a number of times 
during the flight that he felt quite well. 
However, at a Press Conference held in the 
Moscow Academy of Sciences, he amplified 
this by the statement that he had felt no 
appreciable appetite. He had also slept 
through a radio transmission intended for 
him, and had at times experienced some 
discomfort. In the opinion of the Soviet 
space medicine specialist, Professor 
Yasdovski, the long period of weightlessness 
to which Titov had been subjected had 
resulted in disturbance of the middle ear, 
which generally leads to nausea, dizziness, 
and interference with vision. In Titov’s 
case, these symptoms gradually eased off 
after sleep and disappeared completely when 
the braking rockets were ignited. This 
spaceflight provided practically no new 
knowledge regarding the effects of cosmic 
radiation, because it took place inside the 
Van Allen radiation belt (about 187 miles 
from the earth). 

Shorn of its undoubted propaganda value, 
which the Soviet press exploited to the full, 
this second manned spaceflight undoubtedly 
spells tremendous progress in the field of 
spaceflight technology. Nobody will belittle 
the achievement of the Soviet engineers, who 
made it possible for the Vostok to land near 
its destination after 17 orbits. All the same, 
one only wishes that the Soviet authorities 
would change over to somewhat more 
factual reporting and be less prone to 
publish contradictory information or un- 
informative, very touched-up photographs 
of their satellite and spaceship launchings. 








Major Gherman Titov of the 
Soviet Air Force. 


In the case of carrier rockets, admittedly, 
secrecy is understandable owing to their 
military importance. But there are, after 
all, other aspects of spaceflight, such as 
medicine, radiation research, theory of 
gases, and so on, which could be objectively 
reported without endangering the security 
of the State. 

Perhaps one day it will even be possible 
for foreign journalists to be present when 
Soviet spaceships are launched. According 
to the announcement by Soviet scientists, 
several more manned spaceflights are in 
any case scheduled to take place before the 
22nd Party Congress in October. Moreover, 
plans have been made for flights lasting 
several days, possibly by space vehicles 
with a number of occupants. 





In the absence of technical data... 


Unlike the Americans with their flood of 
publicity, the Russians maintain a calculated 
silence as to the technical details of their space 
vehicles. In the estimate of American scientists, 
the takeoff weight of the Vostok 2 must have 
exceeded 880,000 Ib and takeoff thrust have 
been at least 1,210,000 Ib. It is to be assumed 
that the carrier vehicle was comparable to that 
of the Vostok 1 which—according to information 
given by the Soviets to the FAl—possessed six 
rocket motors at the moment of takeoff. For the 
rest, the following official details are available: 


Vostok 2 


Weight (less rocket 10,408 Ib 
final stage) 
Transmitting 
frequencies 


15.765 Mc/s 19.995 Mc/s 


20.006 Mc/s 143.625 Mc/s 


Duration of flight 25 hours 18 minutes 


Perigee 111 miles 
Apogee 161 miles 
Inclination 64°56’ 


Orbital period 88.6 minutes 














(Continued from page 1162) 


group at Wiesbaden in Western Germany. 
The Turkish Army will also reportedly 
receive a batch of Jwpiters in the near future. 


The Italian Navy has acquired a Hughes 
Aircraft Frescan 3-D radar system from the 
US Navy and is currently installing equip- 
ment on the missile cruiser Garibaldi. The 
Frescan system was developed by the US 
Navy and is currently operational on over 
20 US missile cruisers and destroyers. The 
equipment employs one antenna, transmitter, 
and receiver to provide simultaneous 3-D 
pinpoint range, height, and bearing on 
multiple targets; it features the first 
electronic stabilization to compensate for 
ship pitch and roll. 


Aircraft and powerplant 


The civil version of the Lockheed C-141 has 
the designation Lockheed 300. Main data 
for the C-141/Lockheed 300 are: length 
146.2 ft; height 39.1 ft; wing span 160.7 
ft; wing area 3,228 sq. ft; wing sweep 25°. 
Maximum takeoff weight is 315,000 lb and 
maximum payload 93,000 lb. Maximum 
cruise speed 480 knots, long-range cruise 
speed 440 knots. Lockheed emphasizes that 
the civil model 300 is capable of economic 
operation over relatively short stages up to 
500 n.m. and can also transport a payload 
of over 37 tons on intercontinental routes 
(e.g. New York-Paris nonstop). 


C - 


The Convair 990 has now been certified for a 
landing weight of 202,000 lb, an increase of 


22,000 Ib on the original design weight. 
General Dynamics/Convair has also announ- 
ced an increase in maximum takeoff weight. 





Photo Credits: Front Cover: manufacturers ; pp. 
1161-1179: manufacturers (1), Army Forces, India 
(1); p. 1198: manufacturers (1); pp. 1199-1211: 
manufacturers (38); pp. 1212-1214: manufacturers 
(8); p. 1214-1216: manufacturers (3), author (1); 
pp. 1221-1222: manufacturers (5); pp. 1225-1226: 
manufacturers (4); pp. 1227-1228: manufacturers 
(1), Interavia files (1) ; pp. 1228-1230 : manufacturers 
(8); pp. 1231-1232: manufacturers (7); pp. 1249- 
1251: manufacturers (7), Photo Yan (2), United 
Air Lines (1), Foto Kordik (1); pp. 1252-1253: 
manufacturers (5), U.S. Navy (1), Interavia files 
(1); pp. 1254-1256: manufacturers (5), Cheltenham 
Newspaper Co. (1); pp. 1257-1260: manufacturers 
(7); pp. 1269-1271: manufacturers (12); pp. 1272- 
1274: manufacturers (11); pp. 1275-1276: manu- 
facturers (5), Interavia drawings (5); pp. 1285- 
i287: manufacturers (7); pp. 1288-1290: Interavia 
(3), Air France (1); p. 1290: Jules Stauber/Kumm- 
Verlag (4). 
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INTERNATIONAL 
MEETINGS AND CONFERENCES 


Sept. Ist-2nd: Canadian International Air 
Show, Toronto 

Sept. Ist-Sth: International Exhibition of 
Radio, Television and Electronic Equip- 
ment, Amsterdam. 

Sept. 3rd-12th: Seventh European Machine 
Tool Exhibition, Brussels. 

Sept. 4th-9th: International Association for 
Analogue Computation, Belgrade. 

Sept. 4th-10th: SBAC Flying Display and 
Exhibition, Farnborough. 

Sept. 4th-14th: RAeS and IAS, Eighth 
Anglo-American Aeronautical Conference, 
London. 

Sept. 6th-Sth: IRE, 1961 Joint Nuclear 
Instrumentation Symposium. North Caro- 
line State College, Raleigh, N.C... 

Sept. 6th-Sth: National Symposium on Space 
Electronics and Telemetry. Albuquerque, 
N.M. 

Sept. 6th-Sth: Massachusetts Institute of 
Technology, International Symposium on 
the Transmission and Processing of In- 
formation. 

Sept. 7th-9th: Canadian Business Aircraft 
Association. Annual Meeting and Static 
Display, Toronto. 

Sept. 10th: International Landing Contest, 
Saint Nicolas Waes, Belgium. 

Sept. 10th-12th: National Aeronautic Asso- 
ciation, 1961 National Convention. West- 
Wary, Sali Dek 

Sept. 10th-24th: International Technical 
Fair. Brno. 

Sept. 12th-14th: National Association of 
State Aviation Offi_ials. Deauville Hotel, 
Miami Beach, Fla. 

Sept. 13th-17th: Second International Rally, 
organized by the German Aero Club. 
Baden-Baden. 

Sept. 13-21st: Second World Congress of 
Flight. Las Vegas, Nev. 

Sept. 14th-15th: Institute of Radio Engineers, 
Conference on Technical-Scientifice Com- 
munications, Philadephia. 

Sept. 14th-25th: National Electronics, Radio 
and Television Exhibition. Paris. 

Sept. 19th: ICAO, Fourth North Atlantic 
Regional Air Navigation Meeting, Paris. 

Sept. 22nd: British Interplanetary Society. 
“Soviet Space Technology.” Northampton 
College. 

Sept. 22nd-Oct. 2nd: International Technical 
Exhibition. Turin. 

Sept. 25th-Oct. 3rd: International Colloquium 
on Magnetism. Tokyo. 

Sept. 26th-28th: National Business Aircraft 
Association, 14th Annual Meeting. Mayo 
Hotel, Tulsa, Okla. 

Sept. 26th-30th: International Congress of 
Aerospace Medicine. Paris. CERMA, 5b, 
Avenue de la Porte de Sévres, Paris 15e. 

Sept. 29th-30th: Society of Experimental 
Test Pilots 5th Annual Symposium. 
Beverly Hilton Hotel, Los Angeles, Calif. 

Sept. 30th: Institut du Transport Aérien, 
AFITA, Centro per lo Sviluppo dei 
Trasporti Aerei, Associazione Italiana di 
Aeroteenica. 5th Italian-French Aeronau- 
tical Conference, Rome. 

Oct. 2nd-4th: Institute of Radio Engineers, 
5th Biennial Canadian Electronics Con- 
ference on “Progress through Electronics.” 
Toronto. 

Oct. 2nd-6th: IAF, 12th International 
Astronautical Congress. Washington. 

Oct. 2nd-4th: IRE, 7th National Communi- 
cations Symposium. Utica, N.Y. 

Oct. 3rd-5th: American Association of 
Airport Executives, 1961 National Airport 
Conference. Norman, Okla. 

Oct. 4th-6th: American Society of Photo- 
grammetry, Semi-Annual Convention. Bilt- 
more Hotel, Now York. 
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Wall Street and the Berlin Crisis 


by Scott Hershey 


President Kennedy called for heavy defense 
spending to back up his pledge of “no 
retreat” on Berlin, and the stock market, 
more ‘sensitive than ever to world news, 
responded by! soaring to all-time highs. 

Ever since it became clear that the United 
States would meet new Soviet threats over 
Berlin with a major build-up, Wall Street 
analysts have been telling investors that 
stock prices would respond in this way. 
Until the Kennedy speech to the nation, 
the market had been in the doldrums, with 
the bulls holding hope for a summer rally. 
It came... borne on the wings of business 
recovery and some apprehension of impend- 
ing inflation. 

Naturally, the so-called defense stocks 
were avidly sought by investors rushing 
into the market, and the steadily rising 
prices reflected their enthusiasm. Missile 
and aircraft stocks were among the most 
popular items. 

The long-term effect on the market of 
the Soviet’s spectacular earth-orbiting 
spaceship remains to be seen. However, since 
Congress has indicated willingness to go 
along with almost {any expenditures to 
keep pace, or catch up, in the space race, 
the effect may be nominal. 

While the Soviet achievement has drawn 
attention away from other areas of the cold 
war, tension over Berlin continues to increase. 
Most market observers feel that missile- 
aircraft issues should have periods of popu- 
larity from time to time and that they 
bear watching by discriminating investors. 

Some of the better performers in the 
missile-aircraft group are Douglas, with 
a new B-47 contract, and Boeing, after 
showing a first-half profit, which increased 
the return to $2.03 a share from last year’s 
$1.29. Others finding favor in the new mar- 
ket were Lockheed, Lear, Ryan, Grumman, 
Bendix, Northrop, Aerojet-General and 
MeDonnel. Martin, with its June quarterly 
earnings including profit from sale of invest- 
ments totalling $1.37 per share, was also in 
demand. One of the most active in this group 
was the Aveo missile concern. 

North American Aviation attracted many 
investors, following a satisfactory financial 
report, at which time the company’s Pre- 
sident, John Leland Atwood, commented 
that it was time somebody coined a new 
word or name for his industry. He noted 
that diverse products would give his com- 
pany sales of more than $1.2 billion this 
year, and added that what once was called 
the aircraft industry “has clearly become 
something else that almost defies classi- 
fication.” The “aerospace” industry, which 
has been adopted as a common substitute, he 
rejected. He said it did not cover North 
American’s work on _ hydrofoils, « atomic 
reactors, and the conversion of salt water. 

The name does not cover Martin’s activi- 
ties either, the firm having just completed 
consolidation negotiations with the Ameri- 
can-Marietta Company. Such consolidation 
indicates the way of the aircraft industry. 
Martin, of course, no longer produces 
airplanes, but is a leading concern in missiles, 
aerospace, electronic, and nucleonic activi- 
ties. American-Marietta produces paints, 
industrial finishings, household cleaning pro- 
ducts, synthetic resins and adhesives, chemi- 
cals, cement, printing ink, and a wide range 
of building and construction materials. It 


does not take an old-timer to remember 
when Martin was a leading aircraft manu- 
facturer. 

With airplane makers in many diversified 
activities, such as rocketry, astronautics, 
and electronics, and, in some cases, no longer 
making airplanes at all, it appears that a 
new name for the industry is, as Mr. Atwood 
suggested, indeed called for. 


* * * 


In the meantime, the professional mana- 
gers of the investment companies are being 
watched for their reaction to the market both 
before and after the break-through to new 
highs. The 160 open-end investment company 
members of the National Association of 
Investment Companies have combined 
assets in’ excess of $20 billion, and their 
shareholder accounts at mid-year topped 
five million. Their shareholders are largely 
in the market for the long-term, and little 
concerned with market fluctuations. 

The mid-year reports indicate that air- 
crafts were favored and, to a lesser degree, 
airlines. The investment companies went 
in a big way for Lockheed, Boeing, Northrop, 
North American, Grumman, Martin, General 
Dynamics, although opinion was not by 
any means unanimous. 

Among the airlines, at least six investment 
companies found American Airlines to 
their liking, and none of the companies 
reporting sold this share. Pan American 
found favor with several investment com- 
panies, as did United Air Lines, whose 
integration with Capital has been accom- 
plished with comparative smoothness since 
United absorbed Capital’s routes, most of 
Capital’s personnel, as well as, of course, 
Capital’s obligations. There were * some 
sales of shares by investment companies 
of Northeast (which has been having its 
troubles), Delta, and Eastern. The prices of 
these stocks, however, held up fairly well. 
TWA, which did not figure in these trans- 
actions and which last year had much 
difficulty in arranging new finance for the 
purchase of equipment, is expected soon 
to complete arrangements for borrowing 
$140,000,000 from a_ banking-insurance 
group headed by the Irving Trust Company 
and the Equitable Life Assurance Society. 
This new borrowing is in addition to the 
$165,000,000 borrowed by this airline last 
year, after Howard Hughes trusteed his 
78 percent ownership of TWA. It is under- 
stood that, under the newest loan arrange- 
ment, provision will be made for TWA to 
borrow at least $100,000,000 more for the 
purchase of new, shorter-range jet planes. 


* * * 


Earnings reported for the second quarter 
of this year and the equivalent quarter of 
1960 indicate that airlines are up about 
8.7 percent, andfeight aircraft manufac- 
turers showed second quarter earnings of 
$15,438,000, as“compared with $10,586,000 
a year ago, the change being a plus of no 
less than 45.8 percent. 

Many of the big gainers on the Big Board 
were, interestingly enough. the stocks of 
companies unconnected with defense, and 
thus impervious to increased defense expen- 
diture, except in a general way. Thus, it 
appears, the market offers almost anything 
the_selective investor might want. 
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with Bristol Aerojet Pressure Vessels 


tensile strength of 80 tons per sq in, these vessels have been 


As every aircraft operator and constructor knows, less weight 
means better performance, bigger payload, bigger profits. 
Bristol Aerojet pressure vessels save at least 5 lb per 500 cu in 
and as much as 50°%—when compared to forged vessels. On 
one vessel of 1,000-cu-in capacity, this means an annual return 
of £385 on a civil airliner with average utilisation. 

Bristol Aerojet pressure vessels have been specially designed 
to operate with great reliability at high stress levels. Made of 
chrome molybdenum steel, heat treated to a minimum ultimate 





BRISTOL AEROJET > 





approved for service under ARB conditions. 

Bristol Aerojet pressure vessels range from 10 to 2,000-cu-in 
capacity and are produced in a number of shapes to conform to 
special applications. They have been ordered by the leading UK 
airframe and weapon constructors, and also the main auxiliary 
equipment manufacturers, for they pack more energy into less 
space for less weight than any other type of gas storage vessel. 


For further information, please write to: 

P. W. LAWSON, CIVIL SALES MANAGER, 
BRISTOL AEROJET LIMITED, 

BANWELL, WESTON-SUPER-MARE, ENGLAND. 
TELEPHONE: BANWELL 250. 
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... THE 
NAVIGATION SYSTEM 





OF THE FUTURE MAKES 
AMERICAN AIRLINES’ JETS 
MORE RELIABLE NOW! 


Walter Braznell 
Ass't V.P. Flight 
American Airlines 
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‘¢, ..it provides the missing link for the 
ultimate in precision air navigation, ”’ 
says Captain Braznell. 


“... that is why ITT—DME (Distance Measuring Equip- 
ment) has been installed in the entire American Airlines 
jet fleet. 


In the early stages of our jet planning, we recognized the 
urgent need for the rapid and precise fixing of an air- 
craft’s position in space. The old system of dead reckon- 
ing between navigation facilities or radial cross checks 
was too wasteful of airspace. 


ITT came up with the answer in short order—DME. 
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Without precise position-fixing air traffic must be con- ITT's airborne DME, weighing only 34 pounds, 
gives the pilot continuous distance informa- 


trolled by airspace-wasting “time” separations. tion, accurate to 350 yards at all ranges up to 
f ; 200 miles on any of more than 250 Vortac and 
Our DME dramatically improves utilization of airspace. 300 Tacan beacons. 


For instance, a single flight level of a flight segment as 
short as Chicago-Detroit can accommodate ten jets 
equipped with DME where today this flight segment 
accommodates but two jets. 











Distance Measuring Equipment provides the means for 
keeping a constant check on ground speg useful 
tool for “staying with” or avoiding jet s; 

DME assures the precise occupancy pattern 
airspace and serves admirably as ; r quick 


radar identification. ” 





ONLY ITT OFFERS ALL THESE DME FEATURES si A separate crystal for each channel . . . for simplicity, 
reliability and a minimum of spurious responses. m “Single-ended” r.f. tubes with concentric contacts of progressively 
decreasing diameter; can be plugged in or removed without disassembling circuits. m Triode r.f. stages for stable and 
dependable operation. m High power output tube with capacity three times the unit's normal requirement. @ High-Q 
quadruple pre-selector for rapid channel selection (No “dead” time between channels 63 and 64). m All heater voltages 
are regulated to prolong the life of tubes and to maintain original accurate calibration. # No subminiature tubes are 
used. m Circuitry is packaged into modules to simplify maintenance. @& 
Automatic Gain Control makes distance accuracy independent of signal 
strength and reduces interference from unwanted stations. m Lower 
power consumption (210 watts). 





The exclusive features of ITT-DME alone merit its prime consideration by 
all airlines. The fact that ITT-DME has been proven in flight by American 
Airlines, America's leading airline, is another powerful reason to in- aa 
vestigate this precision instrument now. For full information on ITT- FEDERAL LABORATORIES 
DME, write, wire or phone “Marketing Dept.", ITT Federal Laboratories, 50 WASHINGTON AVENUE, NUTLEY, NEW JERSEY 


‘ CLIFTON, N. J. - FORT WAYNE, IND. - SPN FERNANDO & PALO ALTO, CAL. 
500 Washington Ave., Nutley, N.J. DIVISION’ OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 














AVIONICS ¢ COMMUNICATIONS ¢ SPACE AND MISSILES ¢ ELECTRONIC DEFENSE ¢ PHYSICAL SCIENCES 





this 
aircraft 
IS 





100 miles long, 10 miles wide and 1,000 feet deep, in fact 
. . . because rigid safety regulations say that ten 
minutes flying time, ten miles of lateral space and one 
thousand feet of vertical space shall separate all 
aircraft all the time they are using the air lanes. Now, 
mutiply the number of aircraft that are flying... 
magnify their size ...increase their speeds... and 
the problem of separation becomes difficult indeed. 
Obviously, accurate instrumentation, advanced elect- 
ronics and even more advanced navigational aids are 
of paramount importance. In these three directions 
alone, Ferranti are making significant contributions 
to Britain’s progress in the air. 


FERRANTI 


First into the Future 


Airpass Radar Fire Control Systems ; 
Gyroscopes ; Transistorised control units ; 
Artificial horizons ; Missile Guidance and 

Control Systems ; Inertial navigation 

systems ; Machine tool control systems ; 
Silicon semi-conductor devices for controls ; 
Power supplies ; Instruments and Radar ; 
Electronic computers and systems. 


FERRANT! LTD. HEAD OFFICE: HOLLINWOOD, LANCS. LONDON OFFICE: KERN HOUSE, 36 KINGSWAY, LONDON, W.C.2. 
FG 338 
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the NATO sea _ reconnais- 
sance and _ anti-submarine 
aircraft 
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S.A. DES ATELIERS D'AVIATION LOUIS BREGUET - SOCIETE NATIONALE DE CONSTRUCTIONS AERONAUTIQUES 
SUD-AVIATION - N.V. KONINKLIJKE NEDERLANDSE VLIEGTUIGENFABRIEK_ FOKKER - DORNIER_ WERKE G.M.B.H. - 
SOCIETE D’EXPLOITATION DES MATERIELS HISPANO-SUIZA - ROLLS-ROYCE LIMITED - COMPAGNIE 
GENERALE DE TELEGRAPHIE SANS FIL - ASSOCIATION BELGE POUR L’AVION PATROUILLEUR. 
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193-mph Speed Record 
Set by Sikorsky HSS-2 
To Smash USSR Mark 


Washington, D.C.—A new helicopter world speed 
record of 192.9 mph was recently established by a 
U.S. Navy Sikorsky HSS-2 turbocopter over a three- 
kilometer straight-course. 

Fastest previous speed was 167.09 mph, flown by a 
Russian Mil-6 over a closed 100-kilometer course in 
late 1959. The Sikorsky HSS-2 recently reclaimed this 
record from the Soviet Union by flying a similar 
course at 174.9 mph. 

The HSS-2, a key weapon in U.S. antisubmarine 
warfare defense, is one of several U.S.-built military 
and commercial turbocopters powered by the 1250 
shp General Electric T58 turboshaft engine. Other 
military T58-powered ’copters are the Kaman HU2K, 
which will be used for Navy utility, search, and 
rescue missions, and the Boeing-Vertol HRB-1, 
recently selected as assault transport by the U.S. 
Marine Corps. 

Commercial version of the record-holding HSS-2, 
the Sikorsky S-61, enters commercial service with 
Los Angeles Airways and Chicago Airways this 
year. A civil version of the HRB-1, designated 
the Boeing-Vertol 107, will also enter commercial 
airline service this year on routes of New York Air- 
ways. These twin-T58-powered turbocopters carry 
25-28 passengers, and are expected to help reduce 
seat-mile costs substantially below those possible 
with present piston-powered helicopters. 

The smaller Sikorsky S-62, which is powered by a 
single derated G E T58 engine, is currently handling 
passenger service in Los Angeles and Sen Francisco. 
The S-62 was the first U.S. turbocopter to be certifi- 
cated for commercial operation. Its G E engine was the 
first U.S. helicopter gas turbine powerplant certificated 
by the FAA for commercial operations. 

The 1050-hp T58 has alco been selected to power 
the Kaman K-16 flying boat, and the four-prop 
Fairchild M224, both of which are STOL aircraft 
under consideration by the U.S. government. 





T58 powered Sikorsky HSS-2 turbocopter set a world speed 
record of 192.9 mph. 











FIRST RUN-UP OF G E T64 ENGINES in the de Havilland DHC-4 Caribou occurred at 
de Havilland’s Downsview, Ontario, plant recently. 


Tie-down tests of the instrumented STOL aircraft will lead to flight testing of the General Electric turboprop 
engines later this summer. The program is being conducted by G.E.’s Small Aircraft Engine Department and 
de Havilland Aircraft of Canada under U.S. Navy sponsorship and with cooperation of the Canadian Govern- 
ment. 

G.E.’s T64 turboprop version, which develops 2850 equivalent shaft horsepower and has a corresponding 
specific fuel consumption of 0.49, is currently under consideration for several advanced, medium-range trans- 
ports. T64 turboshaft configurations have been proposed for a variety of VTOL aircraft. 


. 








FAN-IN-WING MODEL READIED FOR TESTS - Next test phase for the General Electric lift 
fan will be in a fan-in-wing configuration. Testing will be conducted in the NASA, Ames, California, 40’ x 80’ 
wind-tunnel. The two-fan, two-J85 engine powered wind-tunnel model will provide aerodynamic and mecha- 
nical design data for a subsequent flight research program. 

Tests will begin in September, 1961, in this continuing V/STOL propulsion system research effort under 
Army (TRECOM) contract. 
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NEWS 





Cincinnati, O. — U.S. aircraft powered by General 
Electric J79 engines have captured nearly one-half of 
world aviation’s official jet aircraft speed, altitude, 
and time-to-climb records during the past two-and-a- 
half years. 

Of 42 internationally recognized marks in these 
three categories, 20 are currently held by U.S. military 
aircraft. All but two of the U.S. record flights were 
flown by J79-powered jets—Convair’s B-58 Hustler, 
the Lockheed F-104 Starfighter, the McDonnell F4H 
Phantom II, and North American’s A3J Vigilante. 

Half of these record-shattering performances are 
credited to the Lockheed Starfighter, which holds the 





Record-holding McDonnell F4H will soon become ope- 
rational with the fleet. 


Convair 880 Powered to Three 
Records by CJ-805 Engines 


Powered by G.-E.’s CJ-805-3 turbojets—commercial 
version of the J79—the Convair 880 jetliner has 
established three major domestic speed records since 
entering service in May, 1960. 

In its first month of scheduled service with Delta 
Air Lines, the Convair jet raced 2359 miles from San 
Diego to Miami in three hours and 31 minutes. 

A few months later 880’s destined for Northeast 
Airlines cut San Diego to Boston flight time to four 
hours and 10 minutes. 

Most recently, a TWA 880 set a new commercial 
speed record when it linked San Francisco and 
Chicago in two hours and 57 minutes—38 minutes 
under the scheduled flying time. 





Convair 880: 3 records the first year. 





A report about progress in research and | 


products from the Flight Propulsion Divi- 
sion of the General Electric Company 


J/9 Engine: Power for Eighteen U.S.-held Flight Records 


Official altitude record of 103,395.5 feet and all eight 
time-to-climb records from 3000 to 30,000 metres. 

Convair’s B-58 Hustler, demonstrating its prowess 
as the nation’s first supersonic bomber, has rewritten 
six world speed records since the start of 1961. In 
January, the Mach 2 bomber carried a 2000-kilogram 
payload over a 2000-kilometer closed-course, avera- 
ging 1061.8 miles per hour. The flight set new records 
for three different payload classes. A few days later 
another Hustler clinched the 1000-kilometer-course 
record for the same three payload classes with an 
average speed of 1284.73 mph. 

The Hustler received the 1961 Thompson Trophy 





The A3J's 91,451-ft. altitude mark smashed a Russian 
record by nearly 25,000 feet. 








Lockheed's F-104 holds more world flight records than any 
other American aircraft. 


FREE 


COLOR BROCHURE 


Also please send: 


NAME 


for this feat. Later, in May, another Hustler claimed 
permanent possession of the Blériot Trophy—after 
sustaining a speed of 1302 mph for more than 30 
minutes over a closed course. 

Another U.S. Mach 2 aircraft, North American’s 
A3J Vigilante, took its place in international aviation 
annals during 1960 when it smashed the Russian- 
held 1000 kilogram-payload altitude record by nearly 
25,000 feet. The J79-powered Vigilante’s record still 
holds at 91,450.8 feet. 

Fourth member of the J79-powered record-breaking 
team, the McDonnell F4H Phantom II, broke two 
Russian-held records in the fall of 1960. The Mach 2 
Navy fighter streaked over a 500-kilometer closed- 
course at 1216.78 mph, and a few weeks later logged 
1390.21 mph over a 100-km closed-course. 

Most recent proof of the Phantom II’s prowess 
came in May of this year when the J79-powered 
fighter captured the Bendix Trophy by slashing 20 
minutes from the previous trans-American flight 
record. 

Of these four J79-powered jets, two—the F-104 and 
the B-58—are currently in operational duty. The 
F4H Phantom II and A3J Vigilante are expected to 
enter fleet operations with the U.S. Navy in the near 
future. 





For a free brochure featuring full-color 
illustrations of these record-setting air- 
craft — F4H, A3J, F-104, B-58, and 880 — 
just clip and mail the coupon below. 














USAF's record-setting Convair Hustler is the worid’s first 
operational Mach 2 bomber. 


For a brochure on J79-powered record-holders, featuring full color illus- 
trations by famous aviation artist Bob McCall (below) check here |__ 
and send coupon to: 
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at FARNBOROUG 


British Oxygen serves the aircraft industry with modern developments in the field of welding. British Oxygen supply 
and service gas welding and cutting equipment, Argonarc electric welding equipment for the welding of stainless steel, 
light metals, heat resisting and special alloys... supply the gases needed to power this equipment. British Oxygen 
provides equipment for complete ground to air liquid oxygen services... liquid oxygen producing plant, low loss 
storage tanks, dispensers and liquid oxygen aircraft breathing systems from 3!4—25 litre capacity. See how British 
Oxygen serve the men who make and fly the world’s aircraft on Stands 210, 211, 212 and 11H. 


BRITISH OXYGEN AVIATION SERVICES 
BRIDGEWATER HOUSE, ST. JAMES’S, LONDON, SW.'1. =r 
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HURRICANE DONNA 
ON A RAYTHEON RADAR 





.. HELP AIRCRAFT 
AVOID STORMS, TURBULENCE 
AND HEADWINDS 


Accurate and flexible enough to use as a scientific instrument, 
yet rugged and reliable for everyday use, 


SELENIA WEATHER RADAR 


is the choice of many European weather services. 
Write today for 
the New Selenia Weather Radar Catalogue. 


MANAGED BY 


ROME - ITALY P.O. BOX 7083 


Selenia high-power, low-cost weather radar detects 

storm formations at great distances. 

The combination of the Pencil-Beam antenna, 

flexible scanning modes and calibrated iso-echo gain control 
quickly determines the altitude and extent 

of the zones of dangerous precipitation and turbulence. 
Up-to-the-minute en route weather information 

can thus be forwarded to pilots in the area. 


Inexpensive weather balloons can be automatically tracked 
with Fire-Control accuracy 

to determine wind speed and direction at various altitudes. 
The most economical cruising altitude 

is readily determined for all routes. 





WHEN YOU'RE IN AVIATION, GOODYEAR MAKES WHAT YOU NEED 





GOOD-YEAR 








T! 155 TONS AT 150 


WANTED: A tire to accelerate from 
zero to 200 m.p.h. in seconds — 155 
tons of airplane entrusted to its tires 
until airborne. Tire must also cushion 
the landing impact on to a rock-hard 
runway and bring the tremendous 
weight to a smooth, safe halt. 








eases oc 


The tire that got the job was no beginner. It was developed 
by Goodyear for U.S. jet fighters. Its new, fabric-reinforced 
tread withstands the stresses of high-speed take-offs and land- 
ings. Now giant jets the world over depend on Goodyear aircraft 
tires to take the great mechanical strains of modern flying. 
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MILES PER HOUR! 


WANTED: Wheels and brakes to carry 
and stop the equivalent load of sev- 
eral trailer trucks moving faster than 
any sports car. No margin for errors 
—efficiency at all times an absolute 
must. 





Goodyear, with 20 years aviation experience, got the job with 
Tri-Metallic Brakes and Forged Aluminum Wheels, designed 
for high-speed, heavy-load jets. Today, as yesterday, more 
commercial airliners rely on Goodyear wheels and brakes than 
all other makes combined. 


GOOD, 








' WANTED:A brake control device that 

e thinks and acts with the speed of 

lightning. Device must sense skid 

tendencies —and at speeds up to 275 

ow m.p.h. It must react instantly to pre- 
vent wheel lock-up. With anti-skid, 

; the brake can take advantage of the 


. full tire coefficient and produce the 
shortest possible stopping distance. 


Anti-skid systems by Goodyear fill the bill perfectly. The com- 
pletely automatic system senses an impending skid and regu- 
lates the braking pressure to safe limits. Both on-, off- and 
modulated systems are available. 


EAR 
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THROTTLE CONTROL 


The development of the all-electric throttle control system 
for the Bristol Britannia was an ULTRA first. The operational 
performance, including outstanding reliability during some 
2,000,000 flying hours, has fully justified the choice of the 
system. We are at present developing similar systems for 
Short Bros. and Harland (for the Belfast) and for the Bristol 
Siddeley Engine Company (for the Olympus to be used on the 
Bristol Aircraft Corporation TSR2). 





Bristol Siddeley PROTEUS 








SPEED & TEMPERATURE CONTROL 


Equipment for automatic control of engine speed and temp- 
erature by fuel trimming—an integral part of the complete 
throttle control system—is supplied separately, and is ex- 
tensively used by the leading engine manufacturers, Magnetic 
amplifiers provide reliability of the highest order. Transist- 
orised amplifiers have also been developed—the utmost care 
having been taken to ensure that all components used will 
result in an overall reliability no less than that of the mag- 
netic amplifier. The amplifiers are suitable for engine mount- 
ing and continuous operation in an ambient of 125°C. 
















Rolls-Royce CONWAY 


Photographs by courtesy of Bristol Siddeley Engines Ltd., Rolls-Royce Ltd., & B.0.A.C. 


Please send for brochure 


U] ng * RA ULTRA ELECTRONICS LIMITED 





WESTERN AVENUE - LONDON -: WS: Telephone ACOrn 3434 


COMMUNICATIONS - CONTROL AND INSTRUMENTATION - DATA PROCESSING EQUIPMENT 
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Fastest 


LONG RANGE JET 
in the world 












The 
DOUGLAS DC-8 

with turbo-fan 
engines 

















The non-stop intercontinental record for 
commercial transports smashed as new 
series 50 Douglas DC-8 speeds 6890 
miles at an average speed of 605 mph. 


YOUR JET INTRODUCTION TO ALL 5 CONTINENTS—THE DOUGLAS DC-8 
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BOEING VERTOL 107’S 
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BUILT TO TAKE PUNISHMENT 
IN ANY ENVIRONMENT 


The broad usefulness of the Boeing Vertol 107, world’s 
only “ mission module ” helicopter, is augmented by rotor 
blades designed for dependable service in even the most 
unfavorable environments. With heat-treated steel D- 
spar forming the leading edge, Boeing Vertol rotor blades 
have good fatigue strength and great resistance to surface 
scratching and nicking. Steel loses little weight due to 
normal sand and rain erosion, thus Boeing Vertol rotor 
blades with hundreds of hours difference in service time 
can be used on the same rotor. 

Proved thus far in more than 260,000 hours of accu- 
mulated service, the Boeing Vertol steel spar rotor blades 
have demonstrated excellent performance under difficult 
conditions in many places. Greenland, Labrador, Alaska, 
Northern Canada, the Sahara Desert and Far East jungle 
operation have proved the blades in a broad spectrum of 
temperature, erosion and corrosion environments. The 
steel spar rotor blades, incorporating latest state-of-the-art 
advances, are furnished as standard equipment on the ver- 
satile Boeing Vertol 107. They provide all-weather depend- 
ability and long life, with interchangeability that simplifies 
spares provisioning, maintenance and overhaul. 


RT 0 L BIVISION 





MORTON 





PENNSYLVANIA 
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SIEMENS 
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Effective Planning Manifold traffic problems can be solved faster, with greater accuracy, and by 


more rational methods with the aid of the well-tried Siemens 2002 data proces- 


” * J 
in Air Traffic sing system. Electronic seat reservation is here an important technological 
advance securing the optimum utilization of plane capacities at all times. 


Questions of traffic planning and air traffic control have long been settled on 
an international level, with traffic officials of all countries cooperating success- 
fully on the basis of ICAO and IATA recommendations. Decades of experience 
have gone into designing the communications media here used. 


Our line of communications equipment includes special facilities for: 


Telephony Intercommunication 
Radiotelephony Time announcing 
Telegraphy Pneumatic tube conveyors 
Data processing Trouble-free power supply 


Write for closer particulars to our Referat Flugsicherung 
Minchen 25, Hofmannstrasse 51. 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 
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Undecided Armaments Race? 


Shortly after taking office, President Kennedy got down to a 
revision of the Defense Budget for fiscal 1962. The background 
was the incipient crisis over Berlin, and the subsequent decisions 
of the Senate, the House of Representatives, and the strategists 
were accompanied by ominous rumblings from that quarter. 


Then came the Soviet success in launching Major Gagarin 
into space on April 12th, which filled the headlines and captured 
public imagination all over the world, and put the American 
space planners into a quandary. There seemed no room for 
doubt as to the authenticity of the triumph achieved by the 
Russians with their spaceship Vostok, and the Americans were 
obliged once again to admit that they had been pushed back 
into second place as the result of the concentrated effort of their 
great rival. 

For the time being, the only counter-measures open to the 
leading statesmen in the USA were, so to speak, earthbound 
and, in view of the further developments as regards Berlin, they 
were forced to retaliate by strengthening conventional arma- 
ments. Whilst Soviet rocket engineers were preparing their next 
surprise moves in the race for space, the Senate Appropriations 
Committee unanimously voted an increase in defence expendi- 
ture by a total of $4,500 million, namely $1,000 million more 
than the increase President Kennedy had asked for, this total 
being predominantly for conventional forces. At the same time, 
Congress empowered the President to recall 250,000 reservists 
to active duty and to extend the period of service of those 
currently with the colours. This year’s defence expenditure, in 
excess of $47,500 million, is the highest since the end of World 
War II and amounts to $6,500 million more than the estimates 
for this budget period authorized by Congress. 


The Berlin crisis is, however, not the only factor behind the 
heightened American morale and the return to conventional 
armaments. In fact, there are a number of reasons, particularly 
the grandiose display put on by the Red Air Force when showing 
its new face at Tushino in mid-July. A dozen modern aircraft 
were there to prove that, contrary to the assumption of the 
White House and the Pentagon, the USSR has in no way 
dispensed with its conventional air forces. There were new super- 
sonic bombers for strategic and tactical roles, single and multi- 
jet supersonic fighters, large helicopters, VTOL aircraft of the 
convertiplane type, and jet seaplanes, as well as nearly a dozen 
airborne missiles of a wide variety of calibres and applications... 
all of which raises the question as to whether the Americans 
were well advised, a few years ago, to concentrate their main 
effort on the development of long-range rockets, the more so as 
they have not been able to achieve a clear-cut advance even in 
this field. 


Thus Kennedy’s policy, as enunciated in this six-point pro- 
gramme of July 26th, of retaining in service numerous ships and 
aircraft (including 270 obsolete B-47 jet bombers) scheduled for 
scrapping, the US authorities’ request for an extra $525 
million for long-range bomber production, and the authori- 
zation of $448 million for further development of the North 
American B-70 into a comprehensive weapons system can all 
be seen as an initial reaction to the Soviet show of strength. 


But are such measures really adequate, seeing that they come 
so late? Was it the responsible politicians who, over the last 
few years, demanded cuts in the B-70 programme and a stop 
to F-108 supersonic fighter development? Or should these 
weighty decisions to run down manned combat aircraft be 
attributed to misinformation previously supplied by the US 
intelligence agencies? These are perplexing questions. In any 
event, an unbiased appreciation of possible military operations 
in connection with Berlin already shows that the USSR would, 
at any time, be in a position to involve the Western defenders 
in the type of war which, like that of 20 years ago, though fought 
of course with more modern weapons, would start with a battle 
for supremacy in the air. 

Who can, moreover, know for certain whether the Soviet 
Union has not made new advances in the field of small tactical 
nuclear weapons too? Such weapons could—if the Kremlin 
thought fit—be used in any theatre by infantry, tanks, or the 
combat aircraft demonstrated at Tushino. 

Then, on August 6th and 7th, the Soviet spaceship Vostok 2, 
with Air Force Major G. S. Titov on board, circled the earth 
seventeen times before landing safely on Soviet territory. Only 
a few scientists and engineers, those entrusted with the prepara- 
tions of such an operation, are in a position to gauge the real 
significance of this success. However the Soviet Union’s manned 
thrusts into space may appear in detail, to underestimate its 
efforts and achievements in the field of space flight and space 
research at this moment could have catastrophic results. Possibly 
it is this that the Russians wished to demonstrate. 

In any case, one cannot get round the fact that, in the last ten 
years, the USSR has made systematic advances in all spheres 
of defence technology, and is endeavouring to leave the West 
standing. Nor can this threat be met merely by increased military 
expenditure on the part of the NATO powers. As a first priority, 
Western armament production should be re-planned and definite 
tasks allotted to the industry in each country. 

It will not do if, for reasons of prestige, all the major NATO 
powers pursue their own development programmes, with 
resultant duplication or triplication of effort and expenditure. 
Available industrial potential must to be utilized in such a way 
that individual countries specialize and each one does not 
attempt everything. Not least, in view of the East-West com- 
petition centred around the countries that are still developing, 
more attention must be devoted to the economic side of defence 
planning, if world peace is to remain assured through a dead 
heat between the world’s two great power blocks. 

* 


Now is Farnborough time and, on the next page, our London 
Editor discusses the changing pattern of British defence and 
armaments policy. Then, against this background, we assess the 
outlook for the British aviation industry, which can well hope 
to benefit — in the shape of badly needed orders — from the 
rationalization of NATO armament production just referred to. 
In any event, it now appears that, after two world wars, Great 
Britain is altering for good some of the “‘isolationist’’ elements 
in her policy towards Western Europe. + 
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Britain’s Defence Policy 


By Derek H. Wood, INTERAVIA, London. 


Fa years, defence has been one of Britain’s 
thorniest problems, as succeeding ministers have 
tried to grapple with the dual requirements of 
a nuclear deterrent and adequate conventional 
arms. Recently, there have been encouraging 
signs that the present Minister of Defence, Mr. 
Watkinson, has gone some way towards recon- 
ciling the two extremes within the framework of 
a limited budget. 

The thermo-nuclear deterrent is now firmly 
based on the “V’” bomber force of Victors and 
Vulcans, and it has been stated that it is the inten- 
tion to maintain this to the end of the decade. 
Improvements in Soviet fighter and anti-aircraft 
missile defence will, it is hoped, be offset by 
steady improvements in electronic counter- 
measures and by the use of the Blue Steel stand- 
off bomb and the Skybolt ballistic airborne rocket. 
Conventional arms have been receiving greater 
priority, and the Kuwait crisis showed that 
Britain has profited from the errors shown up 
during the Suez Canal operations. At the time of 
Suez in 1956, Britain had no tank landing ships 
in the area, only one heavy lift ship was available 
in the United Kingdom, and the stockpile of 
weapons lay in Egypt in Colonel Nasser’s hands. 

At Kuwait, well-armed and highly trained for- 
ces were being disembarked and deployed for 
action within 24 hours of warning being given. 
Tank landing ships put Centurions ashore, and a 
complete marine commando was supplied from 
the commando carrier Bulwark. 

Having reached the stage where the two ends 
of the battle scale are better planned and better 
equipped, the Minister of Defence has been tak- 
ing a long-term look at the situation as it will be 
in 1970, for it is here that the country faces its 
major problems. 

By 1970, the deterrent will obviously have to be 
available in some new form, most probably as a 
combination of a successor to Skybolt and a suc- 
cessor to the “V” bombers. In the conventional 
field, there will have to be new equipment for 
all three Services, with a great increase in fire- 
power from the infantry level upwards. 

Beyond this looms the exceptionally difficult 
task of maintaining communications with the 
Commonwealth and the strategic stockpiles over 
distances of 10,000miles and more. Normal radio 
techniques will be susceptible to jamming, sub- 
marine cables can be cut, and even forward 
scatter techniques will be blotted out by nuclear 
explosions in the upper atmosphere. This has led 
to Britain’s defence planner’s making a much 
closer examination of the question of space com- 
munications involving radio satellites, and also 
a hard look at the need to interrogate, and if 
necessary destroy, hostile satellites. 

The question is how all or part of these pro- 
grammes can be tackled within a budget that is 
unlikely to exceed the present £1,655 million per 
annum, and in face of the current balance of 
payment difficulties. 

It now seems certain that future defence plan- 
ning will be based on interdependence in three 
different spheres. First, the nuclear deterrent: 
ballistic missile early warning and defence against 
long range missiles will entail even closer co- 
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“The primary purpose of our defence policy is, therefore, that it should 
protect us, our allies, and our friends against the whole spectrum of 


operation with the United States, and discussions 
to this end have already been held between Pro- 
fessor Zuckermann, Chief Scientific Adviser at 
the British Ministry of Defence, and John Rubel, 
Assistant Secretary of Defense in the Pentagon. 

In the tactical field, which includes a wide range 
of aircraft, guided weapons, armoured vehicles 
etc., it is expected that co-operation will be with 
Europe, and high level discussions which have 
been going on this year towards joint program- 
ming between the British and French, British 
and Germans, and latterly the Italians, are likely 
to bear fruit. The British Defence Ministry is 
now fully aware that joint specifications at the 
outset are essential, and that the research and 
development costs must be shared between the 
NATO countries without regard to who is the 
prime weapons contractor on a particular unit. 
The most likely projets on which collaboration 
will be firmly established from the outset are 
vertical takeoff strike aircraft, and the low alti- 
tude weapons system for defence against both 
low flying aircraft and field weapons. 

Commonwealth defence provides the third 
range of co-operative agreements, and here the 
requirements tend to differ from those of NATO, 
owing to the distances involved. Exercise Unison, 
held in the United Kingdom in August by the 
Commonwealth Chiefs of Staff, and the con- 
ference of the Commonwealth Advisory Com- 
mittee on Defence Science (which ran from July 
17th to August 4th) have enabled a far firmer 
policy to be developed, both on the strategic 
placing of the forces available and the future 
requirements of research and development. 

Britain has reached the production stage in her 
second generation missiles, and now faces the 
third stage of weapons and a new generation of 
manned aircraft. The successor to the “V’’ bom- 
bers is likely to be a very long range aeroplane 
carrying the Skybolt successor, but it is not yet 
decided whether this should be supersonic or 
subsonic. 

The TSR.2 long range strike reconnaissance 
aircraft, despite constant sniping in many 
quarters, remains a firm project in which there is 
considerable interest in the Commonwealth, 
particularly Australia. With its 1,800-ft runway 
performance and high/low level capability, the 
TSR.2 looks most promising not only for the 
RAF requirements in Europe and the Middle 
and Far East but forthe RAAF and its unusual 
operational needs in the north of the Australian 
continent. Possession by China of the atomic 
bomb would doubtless speed an Australian 
decision in this matter. 

While TSR.2, as the largest British manned 
military project currently under development, is 
of Commonwealth interest, it also, to a large 
extent, fits United States strike requirements, and 
the British Government has been pressing the 
Pentagon to take a closer look at it and thus 
make interdependence a two-way instead of a 
one-way traffic. The British point to purchases of 
Skybolt, Sidewinder and Bullpup, and are sug- 
gesting that a little return buying would not be 
taken amiss. While TSR.2 does not fit directly 
into the NATO. framework, its weapons system, 


possible aggression and military threats, from the small local action 
which might be the beginning of larger and more dangerous adventures 
through ‘nuclear blackmail’ to nuclear war.” 


The British Government 
White Paper on Defence, 1961. 


now at an advanced stage, would be applicable 
to the second generation NATO VTOL strike 
aircraft. TSR.2 will have full sideways radar, 
terrain clearance, line-scan, and complete facili- 
ties for automatic simultaneous presentation on 
the ground. Use of the TSR.2 weapons system in 
NATO would undoubtedly save both time and a 
good deal of European research and development 
money. 

The Soviet display at Tushino this year has led 
the Air Ministry to press the Government for 
continued, and even increased, development of 
manned aircraft. It is now abundantly clear that 
Mr. Sandys’ policy of slashing aircraft in favour 
of missiles in 1957 has proved disastrous. A 
great deal of time was lost on airframes and 
engines, which is only now being recouped. The 
RAF hopes that the same process will not be 
repeated as far as 1970 projects are concerned. 

On guided weapons there are many more 
requirements than there are development con- 
tracts. The following is a list of some of the 
weapons currently being studied by the Services: 
1) A stand-off missile for TSR. 2. 

2) A long range successor to the Red Top air-air 
missile, for both the RAF and RN. 

3) A longer range development of Blue Water 
for the army. 

4) PT 428, a low-altitude weapons system project 

by B.A.C. 

5) An anti-submarine airborne guided weapon. 

6) A successor to Seaslug 2, for shipborne oper- 
ation. 

7) A second generation one-man anti-tank 
weapon. 

8) Anti-ICBM defence weapons (in co-operation 
with the USA?). 

The Royal Navy is also looking ahead to the 
next decade, and it is certain that the carrier and 
carrier-borne aircraft will play the major part in 
future planning. The Polaris submarine, while 
still nursed behind certain closed doors in the 
Admiralty, is beyond the British taxpayer’s 
pocket —even if a requirement could be proved 
for it. A gift of either submarines or weapons 
would be the only way in which the Royal Navy 
could become Polaris operators. 

Discussions on three new carriers are continu- 
ing and, if sanctioned by the Treasury, would 
form the backbone of the Navy from 1967 on- 
wards. Substantial numbers of Buccaneers have 
been ordered for the present carrier fleet, but a 
supersonic strike-fighter machine would be needed 
as a successor — perhaps with variable sweep 
wings. 

The Fleet Air Arm will require a helicopter to 
succeed the Wessex, and an airborne early 
warning aircraft capable of both upward and 
downward viewing. 

The transport side of military planning has 
come to the fore in the past 12 months, both in 
the strategic and tactical spheres. Britain is 
likely to go ahead with a V/STOL transport in 
the AW.681/Bristol 208 category and also with an 
STOL assault transport. It is here that there 
could usefully be co-operation within the frame- 
work of NATO. + 
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Witr the coming of September each year, the 
British aircraft industry cheerfully submits itself 
with good grace to the ordeal known familiary 
throughout its ranks as “Farnborough” or the 
““SBAC.” Whatever the phrase used to describe 
the function of the Society of British Aircraft 
Constructors annual exhibition, whether it be 
“shopwindow of the industry,” “international 
meeting place,”’ or “sales exhibition,” opinions 
within the industry are divided as to the wisdom 
of continuing it as an annual event. The argu- 
ments for, and against, this proposition are 
varied. One body of opinion points to the ex- 
istence of three major European air shows and 
suggests that a biennial display to alternate with 
the Paris International Salon would be a more 
practical arrangement, particularly in view of the 
rapidly growing importance of the Hanover 
show. The advantage of this solution would be 
that the participating companies would be able 
to achieve greater originality in their publicity 
and sales campaigns, and there would be less 
hindrance to the work of the development and 
production departments. This argument can be 
expanded by pointing to the time scale now 
required for the development of a modern air- 
craft from the drawing board to a flying proto- 
type or pre-production model. 


Another opinion which has been expressed is 
that the exhibition should retain its annual timing 
and that there should be some modification in the 
presentation and programme. This might be 
termed the “best of both worlds” solution in as 
much as it would relieve the aircraft constructors 
of the expense (by no means negligible) of de- 
monstrating aircraft which are already known 
and are commercially available. The actual cost 
of presenting an aircraft in the flying display at 








The second Hawker P.1127 on its maiden flight. Six of these aircraft are under construction and will be used in an extensive 





test programme to accelerate the development. 


The Outlook for the British Industry 


One of our Editors, who has just returned from a visit to the U.K., 


tentatively sums up the prospects for its aviation industry. 


Farnborough is considerable, and it could well be 
argued that the expenditure of a similar sum of 
money in flying the aircraft to a foreign country 
and carrying out a sales tour would be more 
profitable. By retaining Farnborough as an annual 
event, the equipment and electronic companies, 
for whom this is a valuable shop window, and 
who conduct a considerable volume of business 
during the week, would not be penalized. As 
these companies numerically form the greater 
part of the membership of the SBAC, their 
requirement for an international “shop window” 
would be catered for and, at the same time, the 
aircraft constructors who are the major contri- 
butors financially would find their position 
eased. An arrangement such as this would result 
to a certain extent in a return to the atmosphere 
of the pre-war Hendon displays. The show would 
possess a certain “‘garden party” feeling in which 
members of the British industry could meet their 
friends from overseas aviation industries and 
renew contacts in an informal atmosphere. The 
flying display would be reduced in length, and 
would consist mainly of Service contributions 
together with the presentation of new aircraft 
by the test pilots of the industry. 

This solution may possibly be the best and it 
certainly displays the British characteristics of 
improvisation and compromise. As no definite 
proposals have been made as yet on the necessity 
to remodel the pattern of the Show, it is perhaps 
idle to speculate on future possibilities. One con- 
crete fact remains: September, 1961, is upon us 
and with it the twenty-second Society of British 
Aircraft Constructors Exhibition. 

* 


It has become traditional for Jnteravia to carry 
out a review of the British aviation industry prior 


to the SBAC Show each year. As 1961 was also 
the year of the Paris Salon, much has already 
been said in these pages concerning the current 
programmes of the British industry. On this 
occasion it would be more profitable to look at 
the industry itself and the economic framework 
within which it has to work. 


Some eighteen month have elapsed since the 
Government-sponsored programme of amalgam- 
ation and mergers commenced. The revolution 
was violent and at the time of the last Farn- 
borough show it was incomplete. Old rivals were 
undergoing the difficult changes of heart and out- 
look which were required to enable them to 
accept new and unusual alliances. It was then 
too early to more than hazard a guess at the out- 
come, and the wits within the industry gave free 
play to their imaginations in satirising the new 
and unusual situations which arose. By now the 
process of amalgamation is well advanced, if not 
complete, and judging from reports from within 
the industry, the new groupings are working 
excellently and with no visible signs of friction. 
It is generally agreed that, despite the regret which 
arises when a famous name is submerged within a 
large Group, this is more than outweighed by the 
advantages which accrue. In fact, without this 
regrouping, the industry would have been ex- 
tremely ill-equipped to face the mounting com- 
petition throughout the world. 


In certain respects the character of the British 
aircraft industry is unique. The construction of 
aircraft, engines, components and anciliary 
equipment is an activity which fits ideally into 
the general economic structure of British industry. 
In a country where the whole economic pattern 
and in fact the standard of living is geared to the 


INTERAVIA 9/1961 1199 








necessity for maintaining a satisfactory excess of 
exports over imports, the aviation industry pre- 
sents many attractive features. It is sparing of 
raw materials, many of which are only obtainable 
from foreign sources, and the relationship of the 
price of the finished product to the price of the 
raw material is extremely high. The selling price— 
apart from being an addition to the country’s 
export figures if the finished product is sold 
abroad—largely represents the price paid for 
design and manufacturing skills and processes. 
Against this advantage must be set a con- 
siderable difficulty. It has usually been held that 
the basis for a satisfactory export trade is a 
healthy domestic market. In this respect the 
United Kingdom is singularly badly situated. 
Apart from the nationalized Corporations: 
British Overseas Airways and British European 
Airways together with the recently emergent in- 
dependent operator, British United Airways, 
there is little in the way of a domestic market for 
the industry to base its export trade upon. Fur- 
thermore, the aircraft requirements of the British 
operators are in no way comparable to those of 
the American companies, which presents an- 


A close-up of the Armstrong Whitworth Rollermat freight 
loading system which is installed in the Argosy. The 
simple method of pallet retention is clearly visible in this 
picture. The removal of the end blocks leaves the pallet 
free to be rolled out of the hold. 


The Armstrong Whitworth Argosy has been designed specifically to meet the requirements of freight carriers. Its perform- 
ance in commercial operations indicates that there are excellent sales prospects for this aircraft. 


other difficulty in breaking into the much sought 
after and dollar-profitable American market. 

The first advantage of the regrouping is that 
the variety of products and projects within the 
industry has been streamlined and a great deal 
of duplication of effort and internal competition 
has been eliminated. This has come at an oppor- 
tune moment because some falling-off can be 
anticipated in the level of export figures in the 
next twelve months. In 1959, the exports by the 
aviation industry attained a record figure of 
£156 million and in 1960 they were some £14 
million lower at £142 million. The figures for the 
first few months of 1961, when estimated on an 
annual basis, amount to the very healthy total 
of £165 million, but it must be borne in mind that 
this covers the delivery of aircraft which were 
ordered some time ago and which will have been 
completed before the end of the year. When 
these orders have been fulfilled there will be a 
delay before the flow of next generation aircraft 
commences. 

In spite of the lack of a large domestic market, 
the steadily increasing volume of exports from 
the industry since the war has indicated there has 


Production of the Argosy in progress. The Dart engines are in process of installation. 
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been no lack of either ideas or effort from the 
individual companies. Some measure of as- 
sistance has been obtained from Government 
defence spending over the past years and this has 
provided a certain stability. It was to augment 
this stability and to eliminate unnecessary com- 
petition that the Government insisted on the 
amalgamation programme. 

A brief review of the current British projects 
gives some indication of how long the gap will 
be before the next generation aircraft come off 
the production lines and export figures rise 
again. 

In the civil aircraft field, the British manufac- 
turer faces vigorous foreign competition in terms 
of the number of aircraft on offer from the US, 
France, Canada, and Holland. Taking the case 
of the long-range aircraft first, the current project 
in this category is the Vickers VC.10. This 
illustrates the peculiar difficulty facing the British 
designer who is compelled to tailor the specifi- 
cations primarily to the requirements of the long 
distance carrier BOAC. To fill the needs of the 
route pattern operated by BOAC, an aircraft 
suitable for what are termed the “‘Empire routes” 
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is required. This indicates an aircraft having good 
short field performance, capable of operating 
from high altitude airfields at high temperatures, 
and consequently possessing an excess of per- 
formance for the requirements of the North 
Atlantic route. The American designer, on the 
other hand, with a large domestic market to 
satisfy, can concentrate on the “‘North Atlantic” 
aircraft without becoming involved in meeting 
the specialised requirements of a particular 
carrier. At present Vickers have VC.10 orders in 
hand for BOAC, British United Airways and 
Ghana Airways, and the company is confident 
that the performance and economics of the air- 
craft when it goes into service will make it an 
interesting proposition for operators who will be 
either re-equipping or modernising their jet fleets 
in the mid 1960’s. If there is a renewed spate of 
activity in the jet market in three or four years 
time, the VC.10 will have one telling advantage 
over its competitors, namely availability. 

In the medium and short-range field, the British 
industry also faces competition. The de Havilland 
Trident, a medium-range three jet aircraft, is on 
order for BEA and a vigorous sales campaign is 
being carried on throughout the world airline 
industry. The most serious competitors in this 
field are the Caravelle and the Boeing 727, and 
although the current 727 order book is larger 
than that of the Trident the aircraft should be 
available earlier. At least one American airline 
has expressed serious interest in the Trident to 
date and as the aircraft will enter service equipped 
with provisions for fully automatic landing this 
will be a powerful sales feature for all airlines 
who are endeavouring to improve the regularity 
of their schedules. 

The short-range aircraft, the BAC One-Eleven, 
which is now under construction at Vickers, is 
described in a separate article in this issue. 
Designed as a jet powered replacement for the 
Viscount, this aircraft has been planned to offer 
the maximum economy both in initial investment 
and operation, so that it should be attractive to 
a considerable number of the smaller airlines 
and domestic operators who will be able to offer 
jet speeds over short haul routes to the pas- 
sengers. Now that the long range jets are fully 
established in service, it will be aircraft of this 
type which will introduce the biggest revolution 
in the pattern of air transport. 

In the civil market, one other important type 
remains to be mentioned, this is the Armstrong 
Whitworth Argosy freighter. This is important 
on two counts, as apart from being one of the 
few British aircraft to have broken into the 
American market in recent years, its performance 
in service has been outstanding. Daily utilization 
rates of thirteen hours have been attained and 
this performance has had a significant effect on 
the economics of freight carriage. Interest in the 
Argosy is steadily increasing among freight 
operators so the prospects for its future seem 


excellent. 
* 


In the military aircraft market the prospect of 
diminished export figures for a period is also 
likely. Current contracts are being completed 
and there may be an interval before new develop- 
ments are available. There are excellent forward 
prospects for the sale of fighter aircraft within 
NATO and the British constructors are fully 
aware of this market. Such aircraft may well be 
built in cooperation with other European 
countries and it is significant that the main 
political topic in Great Britain at the moment 
hinges on the proposal to join the Common 
Market. 

There is a requirement both by the Royal Air 
Force and the NATO forces for a light tactical 
fighter with VTOL capability. The Hawker P.1127 
is well advanced in development and is an obvious 
contender. Design work is at present being 


An artists impression of the Vickers VC.10 long-range airliner. The VC.10 is powered by four Rolls-Royce Conway 
engines and has already been ordered by three airlines. 


The fuselage of the first VC.10, being moved from the assembly jig to the assembly hangar for next production stages. 
The aircraft will seat up to 150 passengers and will be in service with British Overseas Airways in 1963. 


Another completed export order. A Vickers Vanguard in the livery of Trans-Canada Airlines stands at the manufac- 
turers airfield prior to its delivery flight. The Vanguard is in full production at the Vickers plant in Weybridge. 
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A full-scale VC.10 test wing installed in a special rig for fuel flow and gauging tests. The 
wing can be positioned in any flight attitude so that the continuity of the fuel flow can be 
tested under all conditions. 


One of the long fuselage side panels, containing the window cutouts, is hoisted 
into position on the fuselage assembly jig. The panel is machined from a solid 
light alloy billet and carries integral stiffeners around the window panels. 


The Vickers VC.10 Production Line 


An engine mounting beam 
being cut from solid metal. 
The cutter movement is con- 
trolled by an electronic sys- 
tem from a stylus which moves 
around the template mounted 
on the upper part of the ma- 
chine. The billet of raw 
material for this component 
weighs 1,344 lb and the fin- 
ished beam weighs 140 Ib. The 
total machining time required 
for this operation is 500 hours. 


A variable angle contour mill- 
ing machine which was de- 
signed by Vickers specifically 
for VC.10 production, is used 
at Weybridge to machine the 
combined twist and dihedral 
angle on the wing centre sec- 
tion panels. 











A rear fuselage about to be removed from its assembly jig. The 
transverse beams passing through the fuselage have end fittings 
which carry the half spectacle engine mounting frames. The 


The main wing structure of the VC.10 in the jig. The multiple torsion box structure is built in three main 
sections, namely two mainplanes and a centre section. In the skinning of the wing, eighty machined three machined frames in an inclined position at the rear of the 


panels with integral stiffeners are used on the upper and lower surfaces. fuselage carry the vertical fin. 


ry 
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carried out at Hawker Aircraft on a supersonic 
development of the P.1127 designated P.1150. 
This would be powered by an uprated BS.53 
Pegasus engine with plenum chamber combustion 
(PCB). The decision to build VTOL aircraft in 
quantity will probably be made this year and the 
construction will possibly be carried out in co- 
operation with France and Germany. If this 
occurs, the ground will have been prepared for 
the cooperative production of a heavy VTOL 
fighter which will be required by NATO in the 
mid sixties. 

Within the British Aircraft Corporation, the 
English Electric Lightning is in full production 
and development of the TSR-2 by a combined 
Vickers/English Electric team is well advanced. 
This particular aircraft should provide work for 
these factories for some years to come. The TSR-2 
is designed to be a tactical, strike and reconnais- 
sance machine to replace the Canberra and its 
advanced electronic equipment will provide it 
with capabilities which will make it attractive to 
both foreign and Commonwealth air forces. 

In the Hawker Siddeley Group, the Hawker 
P.1127 is obviously the aircraft of the moment. 
The recent emergency in Kuwait underlined the 
need for a tactical aircraft with VTOL capability, 
so it would be reasonable to anticipate that 
the future of this aircraft or a supersonic deriva- 
tive is assured. Also within Hawker Siddeley, the 
production of the Blackburn Buccaneer is in- 
creasing. Blackburn already has a Naval order 
for the aircraft and interest has been expressed 
by foreign buyers, in particular West Germany. 
The very heavy construction of the Buccaneer 
gives it considerable growth potential and with 
more powerful engines it will be capable of super- 
sonic flight at low level. 

No new aircraft has been announced in the 
bomber category, and it is reasonable to suppose 
that the V-bomber force will continue in its 
present form for some time to come. Vulcan Mk2 
are being issued to the V Force squadrons at 
present and it is clear that for some years the 
deterrent force will be based on Victors and 
Vulcans carrying the Blue Steel stand-off bomb 
and also from 1964 onwards, Vulcans carrying 
the Douglas Skybolt air launched ballistic mis- 
sile. 

Other military orders which can be counted on 
to maintain the turnover of the industry will stem 
from the requirement for transport aircraft. 
Three main types can be mentioned in this con- 
nection: the Argosy with beaver tail for load 
dropping and parachuting, the Short Belfast 
heavy turboprop strategic transport, and in the 
helicopter field—the Westland Belvedere. 

Westland Aircraft, the group specializing in 
helicopters, also has substantial Service orders on 
hand for the Scout army helicopter and the tur- 
bine powered Wessex for the Navy. 
os 


The Engine Manufacturers 


Since the amalgamation programme, two major 
engine manufacturers remain: Bristol Siddeley 
and Rolls-Royce. In both companies the prob- 
lems of VTOL propulsion occupy a major part 
of the effort. 

At Bristol, development work is being done 
on the BS.53 and studies are being carried out on 
an uprated version. Great advances have been 
made in the use of plastics for the cool areas of 
the engine, and components such as compressor 
intakes and entry guide vanes have been produced 
in material that is both lighter and stronger than 
metal. Plenum chamber combustion, the heating 
of the cool airflow from the fan of ducted engines, 
is also the subject of intensive research. Another 
recent addition to the Bristol range is the BS.75, 
a high-ratio ducted fan with a take-off thrust of 
7,350 Ib (3,335 kg) and a specific fuel consumption 
of 0.50 lb/Ib/h. The Olympus engine is installed 


in all the Vulcan bombers of the V Force and it 
is being intensively developed for the TSR-2 
tactical/strike aircraft. An advanced version of 
the Olympus develops 33,0001b thrust with reheat, 
which is indicative of the engines’ potential. A 
civil version of this engine would be an obvious 
possibility for installation in a supersonic civil 
airliner if the decision to go ahead with such a 
project is finally made. 

At Rolls-Royce the situation is somewhat dif- 
ferent in that development work is in progress on 
engines which have already been specified for 
particular aircraft. These are the Conway which 
will power the Vickers VC.10, and the Spey, 
selected for the Trident and the BAC One-Eleven. 
Much of this work is centred on noise reduction 
and for this reason Rolls-Royce is reluctant to 
employ by-pass ratios much greater than unity 


The Rolls-Royce RB.163 Spey 
by-pass engine of 9,850 Ib 
thrust. This engine will be 
installed in the de Havilland 
Trident medium-range aircraft 
and the BAC One-Eleven 
short-range transport. A mi- 
nistry of Aviation contract 
was placed early this year for 
a military version of the Spey. 


Cross section of the Bristol 
Siddeley BS.75 ducted fan 
engine. The two spool layout 
and large by-pass system are 
clearly shown. The by-pass 
ratio of the engine is 1.75:1. 










The Bristol Siddeley BS.53 
Pegasus \ift/thrust ducted fan 
engine. This is the power unit 
for the Hawker P.1127 VTOL 
aircraft. Design work is also 
in progress on an uprated ver- 
sion of this engine for heavier 
VTOL aircraft. 
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in the new generation of engines. Although the 
selection of the optimum ratio is dependent upon 
a wide variety of factors it has been found that 
increasing compressor noise from the high ratio 
engines offsets the reduction in takeoff noise. 
This is particularly apparent in the landing phase 
when the engine intakes are pointing toward the 
ground. 

With the recent amalgamation of the engine 
division of D. Napier and Son with Rolls-Royce, 
the Derby company also enters the field of turbine 
helicopter engines. Apart from the development 
of the Tyne for the Rotordyne, this is the first 
venture into this field. The prospects for the 
Napier Gazelle are extremely promising and they 
should be further improved with the assistance 
of the sales and service facilities possessed by 
Rolls-Royce. 













































































<q The Napier Gazelle turboshaft engine for helicopter applications. The recent 
amalgamation of Napier with Rolls-Royce will doubtless result in improved 
sales prospects for this powerplant. 


The de Havilland Gnome turboshaft engine which has recently scored export 
success in Australia and Italy. The engine is the British licenced version 
of the American T-58 and the main difference is the fitting of an electronic 
fuel computer in place of the original mechanical system. 
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The Missile Industry 


Turning from the airframe and engine con- 
structors to consider the prospects of the British 
missile industry, the situation here seems rather 
complex. The industry is still young and in the 
twelve years or so of its existence it has steadily 
built up teams of scientists and designers special- 
ising in the missile field. The success of their 
efforts is illustrated by the recent export orders 
amounting to about £80 million for Bloodhound 
missiles from Sweden and Switzerland, orders 
which were obtained in the face of international 
competition. At the same time it must be accepted 
that the first and second generation of guided 
missiles in Britain have advanced into the pro- 
duction stage and there is little in the way of 
Government assistance forthcoming for third 
generation weapons. At the moment the Treasury 
is providing only small amounts of money for 
design studies and this is resulting in difficulties 
for companies who lack any directive on future 
policy and requirements. An article on British 


Defence Policy in this issue (p.1198) details a 
number of projects which at present are awaiting 
Treasury assistance. The complaints among the 
industry are not directed primarily against the 
lack of financial support, but against the lack of 
a firm programme that would enable the com- 
panies concerned to make a reasonable long term 
plan, as there are limits to the time that missile 
teams can be maintained in being without a 
contract. 


Current activity within the industry includes 
production of the ground-to-air missiles Thun- 
derbird and Bloodhound and of the Naval anti- 
aircraft weapon Sea Slug and the supersonic ver- 
sion Sea Slug 2. With the steady increase in the 
number of missile armed naval vessels either pro- 
jected or in service, there are obviously increasing 
possibilities for the sale of the Short Sea Cat 
guided missile. This small weapon has been 
adopted by the Royal Navy as a replacement for 
the 40 mm anti-aircraft gun and the experience 
gained by Shorts during the development would 





The fuselage of the Folland Gnat Trainer under construction. A recent order has been received for the supply of these 
aircraft to the RAF where they will be used to replace the present Vampire trainers. 


The Gnat Trainer at a later stage in assembly. There is no limiting speed for undercarriage extension and the fairings on 


the front of the undercarriage struts act as air brakes. 
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The Agricultural Gyroplane first flew on July 20th, 1961. 
It is a joint product of D. Napier and Son and Pan- 
Britannica Industries Ltd.and designed for economical 
aerial crop-spraying. The makers claim that only ten hours 
instruction are required to pilot the Gyroplane. A re- 
motely controlled version is also under development. 





obviously be an important sales factor. In the 
field of air-to-air missiles the Red Top is re- 
placing the Firestreak and the Services are 
now anxious that development should be 
pushed ahead on a new long-range air-to-air 
missile. Prospects exist for further sales of 
ground-to-air missiles and also for army anti- 
tank weapons such as Vigilant, and assuming 
that the Government produces a long term plan 
for future procurement the general outlook for 
the missile industry is reasonable, although there 
may be some reduction in manpower. 


The Equipment Industry 


The term, equipment industry, covers a very 
wide and varied range of activities, from light en- 
gineering to electronics. A glance at the variety 
of equipment exhibited at Farnborough illustrates 
this situation. It is impossible to give a detailed 
review of the commercial prospects of such a 
broad field, but certain instances indicate that 
the British manufacturers and exporters have 
achieved some remarkable successes. 

The Marconi Company is in the process of ful- 
filling a large order for Sweden which amounts 
virtually to the installation of a complete early 
warning and fighter control system. The recent 
Anglo-American agreement on _ compatible 
standards for secondary radar points to con- 
siderable activity for Cossor Radar and Elec- 
tronics in the supply of this equipment for com- 
mercial aircraft. Similarly, in the instrument field, 
the advances made in automatic landing research 
will result in excellent prospects for companies 
such as Smiths, Standard Telephones and Cables 
and Pye who have contributed extensively to the 
progress made up to date. 

The Pye Instrument Landing System has been 
used by the Blind Landing Experimental Unit at 
Bedford as the primary guidance element in the 
British system of automatic landing, and this 
equipment has now been sold to 10 civil airports 
in the UK and to 20 overseas airports. It is also 
installed at 100 RAF airfields throughout the 
world. 


Future Prospects 


A brief glance around the new projects which 
are in hand in all branches of the aviation 
industry reveals that there is no scarcity of new 
ideas and forward thinking, and the technical 
quality of the products which are available is 
equal to the best that foreign competitors can 
offer. The major difficulties facing the industry 
stem from commercial rather than technical 
problems. 

In many of the past 15 years, Britain has faced 
an economic crisis and 1961 has proved to be no 
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... fast fuelling y 


London bystanders see, overhead, the airliners of 


most nations as they ply to and from London Airport: 
among them, most of the airlines fuelled by 
AIR BP on the world’s air routes. 
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HIGH-SPEED FUELLING 

AIR BP has developed new high-speed fuelling 
methods with mobile Superfuellers. These are capable 
of fuelling at flow rates far greater than current 
aircraft can accept, and are thus equal to the 


demands of more advanced types to come. 








MOST OF THE WORLD'S 
INTERNATIONAL AIRLINES ARE 


FUELLED BY AIR BP 








CLEAN FUEL RESEARCH 

AIR BP has carried out extensive research into the 
problems of micronic filtration and water separation at 
the BP Research Centre for many years. 

An important part of the work is the full-scale testing 
of equipment under actual working conditions. AIR BP 
has developed a special test unit for this purpose 

and all equipment is rigorously tested before 

being accepted. 
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The Westland Belvedere which has been ordered by the RAF. It is powered by two Napier 
Gazelle turbines of 1,650 s.h.p.each. The Belvedere is capable of single engine flight when 
fully loaded, a factor which points to its suitability for civil transport from city centre 


to city centre. 


exception. The pattern of the current crisis is 
somewhat similar to that of its predecessors. The 
balance of payments is in deficit and in fact the 
figures for 1960 were the worst for ten years. 
Speculation against sterling has resulted in a flow 
of money out of London and this has been 
accentuated since the re-valuation of the D- 
Mark. 

In previous years the reaction of the Govern- 
ment to a similar situation has invariably followed 
the same pattern. A reduction in consumer 
demand at home by credit restrictions and control 
of hire purchase, reduction in Government 
expenditure and an increase in the Bank Rate. 

In July this year, the Chancellor of the Ex- 
chequer announced that measures would be 
taken to overcome this recurrent problem and 
for over a week British businessmen were left 
in suspense before the promised remedies were 
announced. The solution, when it appeared, 
seemed to possess a startling resemblance to the 
measures which have been tried without perma- 
nent success over the past fifteen years. Reduced 
Government expenditure and an increase in the 
Bank Rate to 7 percent, together with increased 
taxation on a number of consumer items, appa- 
rently were regarded as being adequate measures 
to strengthen the economy. 

Faced with this almost annual atmosphere of 
crisis, it is not surprising that many businessmen 
look to the prosperity of their foreign competitors, 
and demand that a long term plan be established 
by the Government to enable them to meet the 
increasing competition from rapidly developing 
overseas industries. In the aviation industry for 
example, many executives point to the example 
being set by France, where the “‘loi programme” 
has at least given the French aircraft industry a 
broad basis for expansion over the coming 
years. 

A further assistance to the aviation industry 
would be some form of aid for export finance. 
American aircraft manufacturers are able to offer 
far greater financing facilities to prospective 
buyers than are available to their British counter- 
parts. The Export-Import Bank and also groups 
of American banking houses are willing to pro- 
vide these long term financing facilities and this 
is atelling point when the capital cost of a modern 
aircraft is considered. 

It is possible that this year should see some 
changes in this situation. It is the first year of the 
new international system whereby the Internatio- 
nal Monetary Fund will be used to assist nations 
over temporary deficits in payments. Britain has 
already made recourse to this measure this year 
and it is possible that the application of this 
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The Westland Whirlwind Mk.10 powered by the de Havilland Gnome engine of 1,050 
s.h.p. The installation of a turbine engine has greatly increased the performance of the 
Whirlwind in comparison to the original piston engined version, particularly in condi- 


tions of high ambient temperature and at high altitude. 


system will free British manufacturers from the 


. upheavals of a recurrent crisis and will give them 


a better opportunity for long term planning. 

As an active exporter, the British aviation 
industry has little to fear and a great deal to gain 
from the proposed entry of Britain into the 
Common Market. The effects of this move will 
be more apparent, and also painful, to other 
industries which have been protected by rela- 
tively high tariffs. This is undoubtedly the long 
term policy behind the Governments intention to 
enter the European community and if this read- 
justment results in a healthier economic atmo- 
sphere, the aircraft industry will obviously benefit 


from the situation. 
4 


In conclusion, the prospects of the British 
industry can be summed up briefly by saying 
that the regrouping programme has streamlined 
the industry and has eliminated duplication of 
effort. The projects being developed in airframes, 
engines and equipment are competitive and 
technically excellent, but owing to a lack of 
Government policy the industry has been 
handicapped commercially. The famous (or in- 
famous) Defence White Paper of 1957 can be 
held responsible for much of this, and it is only 
now that the individual companies are over- 
coming the delays which arose from the change 


The Blackburn Buccaneer, 
the low level strike and re- 
connaissance aircraft which 
has been ordered into pro- 
duction for the Royal Navy. 
The aircraft is to be fitted 
with a weapons radar sys- 
tem developed by Ferranti 
Ltd. for the launching of 
bombs and rockets. 


of accent from manned aircraft to missiles. The 
pendulum has now swung the opposite way and 
at present the missile industry is faced with 
redundancy. 

If the Government policies for liberalising trade 
are successful in overcoming the almost annual 
economic crises, the pattern of defence spending 
will become more stabilized and the aircraft in- 
dustry will be able to plan on a longer term pat- 
tern also. The link-up with Europe will also result 
in great collaboration with the developing Euro- 
pean aviation industries and a strengthening of 
the NATO bloc, which in its turn will provide a 
more stable economic atmosphere. 


It is perhaps unfortunate that Farnborough 
this year may tend to accentuate the gap that 
exists between the last generation of aircraft and 
the appearance of the new projects “in the 
flesh.”’ It can be argued with reason that this is 
yet further evidence of the after-effects of the 
1957 White Paper on the industry as a whole. 
Commercial prospects are always brightest when 
the buyer can actually see and test the wares 
rather than rely upon the information in a bro- 
chure. For this reason it would be more logical 
to regard the Twenty-second SBAC Show as the 
shape of things to come from a regrouped and 
more powerful industry, rather than as a measure 
of its current potential. aa 
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Final assembly of the Lightning at 
the English Electric factory. The 
last stage in the production will be 
the flight test at the manufacturers 
airfield at Warton. 


The wing sections in the process of 
being joined together prior to fit- 
ting to the main fuselage. 


Production of a manned interceptor 


The Lightning assembly line at Warton 


The two seat Trainer version on the 
production line. Equipment is being 
installed in the cockpit and front 
fuselage prior to engine installation. 
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At this point in the production line the wings and fuselage Assembly of the centre fuselage sections of the Lightning. The British Aircraft Corporation, 
are mated together. The wings are joined as a single unit of which English Electric is part, say that the production of the aircraft is the most extensive 
before being fitted. and advanced programme ever carried out by the British aircraft industry. 


Equipment installation and test in the front fuselage. 


The Lightning in squadron service with the Royal Air Force. The tiger's head is the badge of 74 Squadron. 
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Electrical and mechanical equipment being 
or and tested in the front fuselage sec- 
tion. 
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The British Aircraft Corporation was 
formed during the first half of 1960 by the 
integration of the aircraft and guided weap- 
ons interests of Vickers-Armstrongs, Bristol 
Aeroplane Co., and English Electric, and by 
the subsequent acquisition of a controlling 
interest in Hunting Aircraft. On May 9th, 
1961, the Corporation publicly announced 
its first new aircraft—the BAC One-Eleven. 
Vickers and English Electric were already in 
close collaboration before the formal merger, 
in the design and production of the TSR 2 
tactical supersonic bomber for the RAF, 
while the integration of the wide civil ex- 
perience of Vickers, Bristol and Hunting 
formed a powerful force for continuation of 
the penetration of world markets by British 
turbine powered airliners. 

The One-Eleven had its genesis in a series 
of projects by Hunting Aircraft. The original 
aim was to provide a successor to their 
Prince/Pembroke/President series of light 
twin-engined transports. The main problem 
was to design an aircraft large enough to be 
economical as an airliner and yet not too 
large or complex for Hunting’s limited ca- 
pacity. Through a progression of projects, a 


The BAC One-Eleven 


By N.A. Barfield, Civil Aircraft Development Engineer, Vickers-Armstrongs (A/C) Ltd. 


basic philosophy had been formulated by 
May 1956, which has remained in principle as 
the theme of all subsequent projects cul- 
minating in the One-Eleven. This was a twin- 
jet aircraft with rear fuselage engine location, 
modest (20°) sweepback and all-round en- 
gineering simplicity for low capital cost. The 
designation of this aircraft was the Hunting 
107. The aim was to produce a low-oper- 
ating cost jet of modern concept for the short 
range routes hitherto served by propeller 
driven equipment. The Bristol Siddeley 
Orpheus was, at that time, the only suitable 
engine available. 

Serious design work began in November 
1957. A mock-up was built and low speed 
wind tunnel tests were completed. In April 
1958, Hunting became part of Airco, a con- 
sortium set up by de Havilland to build the 
DH 121 Trident. The Hunting design effort 
was transferred from the twin jet 107 to the 
Trident but the 107 was kept up-to-date as a 
project. 

In September 1958, it was realised that two 
turbofan engines, then being developed, 
would be more suitable for use in a short- 
haul airliner than the straight jets previously 


An artist’s impression of the BAC One-Eleven short-range airliner, powered by two Rolls-Royce Spey by-pass engines. 


gagegpesc’ 
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A feature of the One-Eleven is the ventral door with 
built-in steps. Another hydraulically operated door is 
fitted on the port side of the aircraft forward. This instal- 
lation makes the aircraft independent of airport passenger 
handling facilities, which is a considerable advantage 
when operating through small and ill-equipped airfields. 


considered; providing a combination of 
turboprop economy and pure jet perform- 
ance. The 107 was, therefore, redesigned 
around two Bristol Siddeley BS 75 turbofan 
engines. At this stage it was a 48-seater with 
a range of up to a thousand miles. 

Hunting Aircraft joined BAC during 1960, 
and all concerned recognised the value of the 
107 concept. With its rear-engined layout it 
found ready acceptance by Vickers with the 
VC.10, and the range of rear-engined pro- 
jects of both Vickers and Bristol. 

The project went forward from this moment 
as a joint British Aircraft Corporation effort 
and immediately began to benefit from the 
combined design experience of the member 
companies. Steps were also taken to ensure 
the maximum utilisation of Vickers’ vast 
range of Viscount operational experience. 

Several important engineering changes 
were made at this stage. It was decided to 
widen the fuselage to accomodate 5-abreast 
seating as in the Viscount, instead of 4 as in 
the original Hunting design, and the position 
of the tailplane was moved from the middle 
to the top of the fin, as on the VC.10. 

In August 1960 there was a presentation at 
Weybridge in which features of the project in 
revised form were set out before members of 
the Sales and Technical Sales Departments of 
Bristol, Hunting, and Vickers. This was im- 
mediately followed by exploratory sales 
visits to major airlines. all over the world. 

These visits were made by a number of 
British Aircraft Corporation teams and had 
two main objects (1) to assess the airlines’ 
interest in a twin-jet airliner in the Viscount/ 
Convair size bracket, and (2) to obtain airline 
reaction to the engineering and operational 
features of the aeroplane. Details of the 107, 
as presented to the airlines at this time, were 











also displayed at the Farnborough Show in 
September 1960. 

Reactions to the world sales tour were 
favourable and, in the last quarter of 1960, 
British Aircraft Corporation design teams 
synthesised the results and began to scheme 
the aircraft in greater detail. A number of 
changes were made as a result of airline 
reactions, including a switch from pneu- 
matics to a conventional hydraulic system, 
the introduction of a ventral passenger entry 
and VC.10 type close-pitch windows (two per 
seat row). The fuselage cross-section was 
changed from circular to double-bubble 
form to meet a requirement for increased 
freight and baggage capacity. (A circular, 
though larger, cross-section was re-adopted 
in April 1961). 

At the beginning of 1961, as a result of 
continuous liaison with a number of firmly 
interested airlines, it was becoming apparent 
that there were, in fact, two divergent re- 
quirements for short-haul twin-jet airliners. 
One group of potential customers accepted 
the 107 virtually as it stood, and placed maxi- 
mum emphasis on simplicity and low capital 
cost. The other group liked the concept of 
the aircraft but required improvements in 
performance, payload and equipment stand- 
ards, which would not have been possible 
within the time scale offered with BS 75 
engines. This latter group of airlines placed 
greater emphasis than the first group on early 
delivery and together represented potential 
orders for a larger number of aircraft. 

The possibility was therefore explored of 
installing the more powerful Rolls-Royce 
Spey engines, as already adopted for first 
flight in the Trident at the end of 1961. 

In March, the twin Spey version was des- 
ignated BAC One-Eleven, and a technical 
meeting was held at Luton at which agreement 
was reached on over 50 basic points to be 
embodied in the design. In mid-March, follow- 
ing a British Aircraft Corporation Board 
Meeting, Sir George Edwards set up an or- 
ganisation within the British Aircraft Cor- 
poration to spread the overall task of de- 
signing, developing, building, and selling the 
twin-jet design powered initially with Spey 
engines, and an alternative with BS 75 en- 
gines to be available approximately one year 
later. 

The Board’s decision to proceed with 
these projects and to begin immediate pro- 
duction of an initial batch of twenty One- 
Eleven aircraft was stated at a sales confer- 
ence at Weybridge in mid-April, attended by 
over sixty members of the Bristol, Hunting, 
and Vickers organizations. This decision had 
been made known to the Government in the 
previous month. 

The sales campaign was made public at a 
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The direct cost per seat mile over various stage lengths. 
The costing method employed envisaged a depreciation 
of 10 percent per annum over seven years, fuel costs of 
14.5 cents per US gailon and an annual utilization of 
3,000 hours. 


press conference in London on May 9th, 
when the first order was simultaneously an- 
nounced. This was placed by British United 
Airways and was for 10 BAC One-Elevens 
with an option on another five. Other air- 
lines publicly declared their interest in the 
aircraft. 

Rapid progress has since been made in 
order to achieve the stringent programmes 
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The diagram illustrates the flexibility of the One-Eleven 
in operation. The percentages indicate the variation of 
cost with changes in cruise altitude. The ideal altitude is 
shown as being 25,000 feet. 


laid down for design, development, flight 
test and production, which call for first 
flight in the 2nd quarter of 1963, initial deliv- 
eries to B.U.A. in the last quarter of 1964 
and quantity production in early 1965. 
Central control of the project is through a 
small project team at Weybridge. The ma- 
jority of the detailed engineering is being 
handled by Vickers (Hurn), Bristol (Bourne- 














Technical data — BAC One-Eleven 











Three-view drawing of the BAC 
One-Eleven. Accommodation 
is for up to 69 passengers and 
500 cu.ft of baggage space is 
available. 


Two proposed seating plans 
for the One-Eleven. Capacity 
ranges from 56 in the first 
class version to 69 in the eco- 
nomy class. 









Dimensions 

RNR’ ¢ \b' 4. aoe. > 93’ 8” 
Wing span..... 88’ 6” 
a ee 980 sq. ft 
Aspect ratio .... 8 


Wing sweep on 4% 
PO NNN ee 20° 
Wheel track (shock 


absorber centres) . 14’ 3” 

Total accommodational 

A ae re 

Interior height. . . . 6° 6” 

Interior width. . .. 124” 

Capacities 

Fuel capacity (8 Ib.per 

i a 18,000 Ib 

Freight volume ... 500 cu.ft 

Weights 

Maximum Ramp 

,.. ,. Saar era 68,550 Ib 

Maximum Take-off 

eee 68,250 Ib.* 

Maximum Landing 

Sa A 65,000 Ib 

Typical Maximum 

|. i ae 14,000 Ib. 

Powerplants 

rere ae 2 x Rolls-Royce 
RB.163-1 Spey 
Engines 

S.L. Static Thrust. . 10,400 Ib. 


Nominal Each. 


* 73,500 Ib. Optional Long Range Ver- 
sion. 
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mouth) and Hunting Aircraft (Luton). Final 
assembly will be at Hurn, flight testing being 
controlled from Wisley. 

The customer mock-up at Weybridge is 
largely complete, engineering mock-ups are 
proceeding apace at the various design estab- 
lishments and engineering drawings are al- 
ready being released to the production de- 
partments. 

The aircraft now being offered to airlines 
has a gross weight of 68,250 Ib with an op- 
tional long range version at 73,500 lb. With 
normal reserves, the ranges with a full payload 
of 14,000 Ib (typical layouts range from 56 
first class to 69 tourist) are 700 and 1,100 


This view of the interior of 
the mock-up shows the 
space available within the 
cabin. With economy class, 
five-abreast seating the ca- 
pacity is 69. The close pitch 
window arrangement gives 
two windows per seat row 
for maximum visibility. 


statute miles respectively. The latter version 
is, in fact, that chosen by B.U.A. to meet 
their London/Malta requirement. The One- 
Eleven is capable of using 5-6,000-ft airfields 
without serious airworthiness or noise prob- 
lems. It is offered as ‘“‘The jet successor to 
the Viscount with even better than Viscount 
economics.” This claim is made possible by 
its high cruise speed of 540 m.p.h. (and hence 
low block times and high productivity), mod- 
est fuel loads and all the features necessary 
for high-intensity short-haul operation in- 
cluding a high landing weight, structural 
ruggedness, systems simplicity and self suffi- 
ciency (APU), and interior flexibility. 


Extending the Overhaul Life 
of Turbine Engines 


By A. G. Bowling, Chief Service Engineer, Aero Engine Division, Rolls-Royce Limited 


BR clta-Royos turbine engines have es- 
tablished record overhaul lives in airline 
service. At the time of writing in early July, 
the overhaul life of the Dart turboprop, the 
first turbine engine to enter widespread com- 
mercial service, is 3,200 hours. Avon 542 
turbojets in the Comet 4 have just been 
approved by the Air Registration Board to 
run to 2,900 hours between overhauls and 
Avon 527s in the Caravelle run to 1,600 hours. 
Conway 509 by-pass engines, which power 
Boeing 707s and Douglas DC-8s, are running 
to 1,600 hours and one operator has now been 
granted 1,800 hours between overhauls. No 
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work is necessary on any of these engines 
between overhauls except normal maintenance 
checks, which involve nothing more com- 
plicated than filter inspections and routine 
ground running. 

Although these outstanding overhaul lives 
have justified the early claims made for the 
turbine engine, they have not been achieved 
without much hard work and development 
during the past decade. Over this period, 
operating experience with Rolls-Royce tur- 
bine engines has increased from less than a 
million to nearly 30 million hours (Fig. /). 
The progress made is illustrated by surveying 





The chief test pilot of the British Aircraft Corporation, 
G.R. Bryce, checking the flight deck layout in the mock- 
up of the One-Eleven. 


As stated at the press conference, the selling 
price (fixed until mid-1965) is in the neigh- 
bourhood of £775,000 or just over $ 2 million. 
These factors in combination make the One- 
Eleven an ideal Viscount successor and a na- 
tural growth aeroplane for Convair and DC.3 
operators. It is aimed to bring low operating 
cost jet travel and comfort standards to the 
short range routes of the world, covering 
both the high frequency and commuter 
duties of larger operators and the lower fre- 
quency regional services of smaller oper- 
ators, hitherto operated by propeller driven 
equipment. ++ 





experience with the Dart, Avon and Conway. 
It is still too early to examine progress with 
the Tyne turboprop in detail, but engines have 
been examined at 400 hours and are being 
run on a trial basis to 500 and 600 hours be- 
tween overhauls. 


The Dart Turboprop 


The Dart turboprop went into airline serv- 
ice in 1953 with an initial overhaul life of 
400 hours. The Dart was the first gas turbine 
engine to go into extensive commercial 
service and everyone, including the airwor- 
thiness authorities, was very cautious. 














Several troubles were encountered in the 
early days and modifications were embodied 
in the field to overcome failures in the reduc- 
tion-gear bearings and the torquemeter pump 
driving gear. Overhaul life development 
really started when these early problems had 
been solved. The first life-limiting item was 
the flame tube, which buckled and cracked 
very extensively. This led to a pause at an 
overhaul life of about 750 hours while cures 
were developed, manufactured, and fed into 
the engines which were in service. 

As shown in Fig. 2, it took some 18 months 
to establish an overhaul life of 1,000 hours. 
Despite early difficulties, there were few in- 
flight shut-downs with the Dart even at this 
stage and most of the troubles were found on 
filter inspections. 

Apart from the items mentioned and a 
restriction on the first-stage impeller, no 
serious life-limiting items were encountered. 
Since the introduction of separate cooling 
rings on the flame tubes, there has not been 
a major life-limiting factor on the Dart engine 
up to the current maximum life of 3,200 hours 
between overhauls. 

Based on this experience, the rate of over- 
haul life development of the later three-stage 
turbine engines was much quicker than that 
achieved on the earlier engines, as Fig. 2 
also shows. This was partly due to the design 
lessons learnt and partly to the confidence 
of the airworthiness authorities in the engine 
type and in turbine engines in general. 

Dart engines have now flown nearly 16 
million hours and have an excellent in-flight 
shut-down record. On average, only one shut- 
down has occurred for every 20,000 hours 
flown. At the same time, increases in over- 
haul life have not been accompanied by an 
increase in parts cost. In fact, the parts cost 
has fallen from $3.7 per hour in 1956 when 
overhaul life was 1,400 hours, to $2.47 per 
hour in 1960 when the life was 3,000 hours. 


The Avon Turbojet 


At the start of commercial operation, the 
Avon engine had a background of just over 
two million hours in military service. Useful 
though this was, earlier experience with the 
Derwent and the Dart had shown that such 
military experience was only of limited value 
in establishing a civil engine, because com- 
ponents in military engines ran to only 
relatively short maximum lives. For this 
reason a route-proving exercise was carried 
out by BOAC with the Avon-engined Comet 
2E. The first engines to be removed at 250 
hours were in such good condition that the 
remainder were allowed to run on to 500, 
750 and 1,000 hours. As a result, commer- 
cial passenger-carrying operations began with 
an engine overhaul life of 1,000 hours, and 
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The growth of operating experience with Rolls-Royce 
turbine engines over the past decade. The curve “‘A” in- 
dicates the hours accumulated by civil engines in airline 
service, while curve “B” refers to the operation of 
military engines. In both cases the curves have been con- 
tinued on the dotted lines to indicate the anticipated 
totals in 1962 (Fig. 1). 


Fig. 2, shows the rate at which the Avon 
overhaul life has increased over the years 
until it now stands at 2,900 hours. 


The life development of the Avon in the 
Caravelle was somewhat slower because 
several operators converted the engines to a 
higher rating at an early stage; this held the 
overhaul life to 1,200 hours for some months. 
However, the life development programme is 
now again under way and engines are al- 
ready being trial-run to 1,800 and 1,900 
hours. Civil Avons have now flown nearly 
1,100,000 hours in commercial service. 

Again, a significant feature of civil Avon 
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operation has been the very low rate of in- 
flight shut downs (23,316 engine hours per 
shut-down). Experience with turbine engines 
had shown that about 80% of unscheduled 
engine removals are made at base. This is 
undoubtedly because the jet engine will con- 
tinue flying safely until a filter inspection or 
an external examination shows that the en- 
gine should be removed because there are 
early indications of a failure. 


The Conway By-pass engine 

Fig. 2 shows the rate of overhaul life de- 
velopment for the Conway by-pass engine 
during about 18 months of service operation. 
The early troubles with this engine are now 
well on the way to being completely cured, in 
most cases by minor changes, either in opera- 
tional technique or engine build. The overall 
rate of power shut-downs in flight for Boeing 
707 operators stands at one per 9,000 hours 
and for all operators at one per 6,000 hours. 
Commercial running time with the Conway is 
now approaching 400,000 hours. 


Rate of overhaul life development 


The rate of increase in engine overhaul life 
depends to some extent on the rules followed 
by the airworthiness authorities concerned. 
In the early days of the Dart it was the prac- 
tice in the UK for the starting life to be very 
low and to be increased by small steps of 100 
hours on a one-per-aircraft trial basis. This 
may be justified during the early life of a 


A progress report on the increase of overhaul life for various engines. At the left of the graph is the overhaul life in 
hours and at the bottom the number of years the engines have been in service. The cumulative effect of experience gained 
in operations is illustrated by comparing the progress of the Avon to 2,900 hours in less than four years operation, 
while the older engine, the Dart, required over eight years to attain the same overhaul life (Fig. 2). 










































































3000 {baat Ra.) _S 
2500 [AVON S24 and 528} rs 
| 
s 2000 é RDa. 3 and RDs. 6 
é ta J 
ef s 
3 1500 
oar BE) 
1000 f 
500 
Ey ¥ Start of service life 
; 2 3 4 5 6 7 8 


Years in service 


INTERAVIA 9/1961 1215 











| British Industry | 





turbine engine, but once the engine is shown 
to be basically sound, the rate of life develop- 
ment can be increased. This can be done both 
by larger increases in overhaul life and also 
by reducing the number of engines which 
must be seen at each step. 


It has now become general practice out- 
side the USA to allow overhaul life increases 
of up to 300 hours at a time, with inspection 
of six engines at each step, or alternatively 
increases of 100 hours with inspections of two 
engines at each step. Depending on the type 
of operation and the stagger of engine hours 
in the fleet, either of these methods allows a 
rapid increase in overhaul life to be achieved 
on an engine with a low in-flight shut-down 
rate, and providing a good strip examination. 
This philosophy, however is not universal 
and some authorities have drawn up rules to 
align overhaul life development with in- 
flight shut-down rate alone. 

The Dart has an overhaul life of over 3,000 
hours and the Avon is just approaching 3,000 
hours. Experience with these engines has 
shown that the in-flight shut-down rate has 
been almost independent of the actual over- 
haul life at any given time. Fig. 3 shows this 
relationship for the Dart and Avon 542. 


When a new operator commences oper- 
ations with a proven engine, the rate of life 
development can be much quicker if es- 
tablished operational techniques are used, 
and engine condition at overhaul is similar to 
that previously experienced. For example, 
a new operator of a Dart engine would have 
an initial overhaul life of 2,250 hours, a new 
Avon Comet operator a starting life of 2,000 
hours, and an Avon Caravelle operator 1,400 
hours. 

It has been clearly demonstrated that the 
stage length, operational techniques, and air- 
craft installation, greatly affect the condition 
of engines at overhaul and hence the rate of 
life development and the maximum overhaul 
life which is likely to be achieved. 

This highlights the important effect of 
short-range operations. Rolls-Royce engines 
have pioneered short-range operation with 
both turboprop and turboprop engines. The 
average stage time with the Conway is 6 hours 
but with the Avon in the Caravelle it is 1.5 
hours. The average stage time for major 
Dart operators is only 60 to 70 minutes and 
one operator has an average stage time of 
only 24 minutes. The reliability of the Avon 
compares very favourably with other engines 
whether compared on the basis of hours 
flown or the number of takeoffs completed. 


It has not been found necessary to embark 
on a long programme of maintenance inspec- 
tions or part-life changes during the overhaul 
life development of Rolls-Royce engines. To 
avoid restricting the overhaul life, it has from 
time to time been found necessary to sched- 
ule the change of a particular troublesome 
component temporarily. But we do not be- 
lieve that any particular part of a turbine 
engine will always have a shorter life than 
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Shut-downs per 1,000 hrs 





Overhaul life 


In-flight shut-downs per 1,000 hours plotted against 
achieved overhaul life for the Dart and the Avon engines. 
The curves show the shut-down rate to be largely in- 
dependent of overhaul life. 


the rest. In one engine type it may be the 
compressor, in another the turbine, or com- 
bustion system or reduction gear. 

In addition, no oil changes are necessary 
on Rolls-Royce engines between overhauls. 
This is an important economic point owing 
to the relatively high cost of turbine engine 
oils. Oil consumptions in service have been 
found to be only 0.06 pints per hour for the 
Dart, and 0.25 and 0.4 pints per hour respec- 
tively for the Avon and Conway. 


Component Lives 


When operating engines to long overhaul 
lives, major components will eventually reach 
a life limit and it may then be necessary to fit 
this in with various multiples of the overhaul 
life. 

A long and reliable overhaul life is an 
obvious advantage in reducing maintenance 
and overhaul costs. The work carried out on 
most engine parts at overhaul will be little 
different whether the life is long or short. 
Experience has indicated how far it is possible 
to relax acceptance standards once the con- 
dition of the first engines has been assessed. 
But it must be recognised that inspection 
techniques on certain major components 
must become increasingly stringent as over- 
haul life is extended. 

The clearance of major components to 
long lives is very important for the successful 





Long-Life Components 
Life in hours up to which 
parts have beeninspected 


Dart Avon Con- 
way 


Component 





Low Temperature 


Propeller shaft and annulus gear 14,000 — _ 
Main engine casings 14,000 
Axial compressor assembly = 6,333 2,600 
Main compressor shaft 12,500 6,333 2,600 


High Temperature 


Flame tubes 

H.P. nozzle guide vanes 
L.P. nozzle guide vanes 
Turbine discs 10,000 5,376 2,600 
H.P. turbine blades 6,500 5,361 2,600 
L.P. turbine blades 12,000 5,361 2,600 


2,900 2,600 
7,000 6,333 2,600 
9,000 6,333 2,600 





In all cases none of these are ultimate lives; the majority 
of these parts have been refitted for an additional 3,000 hours 
in the case of the Dart and Avon and 2,000 for the Conway. 
This does not apply to Dart turbine discs at the present 
time although further increases are likely later on. 


operation of a civil turbine engine. Lives in 
excess of those on service engines are cleared 
by testing at Rolls-Royce, so that the operator 
does not have to establish lives for himself in 
service. Much engineering effort has been put 
into reproducing service conditions so that 
the life remaining in these parts can be quickly 
assessed; much has been achieved but much 
remains to be done. For example, it has been 
found a false economy to refit main ball and 
roller bearings for a second and third life 
until an appreciable number have been seen 
after the first overhaul life, and found to be 
in good condition. The secondary damage 
resulting from a bearing failure can be far 
more expensive than the cost of rejecting a 
few bearings. 


On many other parts which last more than 
8,000 hours, a natural stagger in hours devel- 
ops over a period of years. If trouble does 
eventually occur and a maximum life has to 
be imposed, this can be handled satisfactorily 
at overhaul. The table shows the lives 
achieved with the main components in the 
Dart, Avon and Conway. 


This brings us to consideration of failure 
indicators. It is essential that such devices 
should be more reliable than the engine it- 
self. This does not yet apply to the vibration 
meter, which is potentially one of the most 
useful devices. With experience, this instru- 
ment may become vital to the running of 
engines for long lives, but it is possible that 
it should be used as a checking instrument on 
the ground rather than as a flight instrument. 
Magnetic plugs in the oil system have been 
shown to be invaluable in picking up early 
indications of bearing and other failures; 
they can thus help to avoid in-flight shut- 
downs. 

I believe that the engine manufacturer 
should resist the continual pressure to fit 
more and more devices for in-flight checks by 
the pilot. The engine must be reliable during 
flight. Detection devices can be used by an 
operator to spot an engine failure in its early 
stages, but these devices should be limited to 
ground use unless they are essential to pre- 
vent an in-flight failure which might endanger 
the aircraft. 

It will probably not be advisable to extend 
the overhaul life of engines indefinitely. At 
present the engines with long overhaul lives 
remain installed in aircraft for months on 
end, over a year in many cases. For this 
reason the practical limit for overhaul life 
development may be reached between 3,000 
and 4,000 hours. 


Many lessons have been learned, in develop- 
ing Rolls-Royce turbine engines to run long 
overhaul lives. These have led to improved 
design and engineering techniques which are 
being incorporated in the latest Rolls-Royce 
by-pass engine, the Spey which is to be in- 
stalled in the de Havilland Trident and BAC 
One-Eleven airliners. In consequence the 
future costs of short and medium-distance 
air travel should be significantly reduced. ++ 
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HIPERNAS! 


It can pinpoint a long-range missile on target. Guide a 
satellite or space ship to any point in the universe. 
Regulate the predetermined course of a surface vessel 
or submarine to any spot on the seven seas—by any 
route, however circuitous. 

In manned vehicles, it will give exact position—even 
without an atmosphere—independent of gravity, sea, 
wind, and weather conditions—without fixes on hori- 
zon or stars—after days and weeks of travel. 

This is Hipernas, a_ self-compensating, pure inertial 
guidance system developed by Bell’s Avionics Division. 


Bell’s HIgh PERformance NAvigation System—symbolized 


Designed for the U.S. Air Force, Hipernas is so versa- 
tile that a whole family of related systems has been 
engineered for application in any environment—sea, 
sky, or space. 

The system introduces new Bell BRIG gyros. Its 
accelerometers and digital velocity meters are already 
operational in missile and space guidance systems. 
Hipernas—and many other systems such as the Air 
Force GSN-5 and the Navy’s SPN-10 All-Weather 
Automatic Landing Systems—typify Bell’s capabili- 
ties in the broad field of electronics. 


BELL AEROSYSTEMS company 


BUFFALO 5, N.Y. 
DIVISION OF BELL AEROSPACE CORPORATION 


A COMPANY 
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BUILT BY 
ARMSTRONGS 
FLOWN BY BOAC 
PROTECTED BY Essa 
SKYDROL* 


Forty-five of Britain's biggest jets, Vickers-Armstrongs’ 
VC 10’s and Super VC 10’s now on order by British 
Overseas Airways Corporation—will feature that extra 
safety margin, Skydrol 500A, the fire-safe hydraulic fluid. 


In the air, on the ground, Skydrol provides vital fire 
protection to passengers, crews, investment. Skydrol 
resists ignition from hot manifolds, sparks, exhaust 
flames or electrical arcing. Skydrol means extra safety... 
safety along every inch of the miles of hydraulic lines in 
today’s aircraft. Over 20,000,000 fire-safe flying hours 
have already been logged by Skydrol fluids 

in propeller and jet aircraft. 


Also, Skydrol offers excellent lubricity ... never 

forms corrosive materials ... actually extends the service 
life of certain hydraulic system pumps and components. 
Skydrol is a non-conductor. Stability to oxidation with 
changes in temperature, pressure and shear 

stresses makes Skydrol a durable performer, too. 


Fire-resistant Skydrol is available in two types... 
Skydrol 7000 for propeller-driven craft, and Skydrol 500A 
for turboprops and jets. Both are produced exclusively by 
Monsanto and are available at principal airports 

around the world through the affiliates of Esso, Mobil and 
Shell. For our 24-page Skydrol technical booklet AV-1, 
write Monsanto Chemical Company, Overseas Division, 
Aviation Fluids Department, St. Louis 66, Missouri, U.S. A. 


*Trademark of Mi to Chemical Company 


f SKYDROL 
Monsa nto fire-resistant hydraulic fluids 


for propeller-driven craft, 
\ ( turboprops and jets 





® 
MONSANTO CHEMICAL COMPANY—Where Creative Chemistry Works Wonders for You 
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CARIBOU 


The STOL Caribou features: SHORT TAKE-OFF — 540 feet 
and LANDING 525 feet at full gross weight . . . CARGO PAY- 
LOAD — up to 314 tons . . . SEAT CAPACITY — 30 passengers 
or 32 combat troops . . . SUPPLY DROP — pallets up to 3,000 
Ibs. . . . UTILIZATION — around the clock all-weather operation 


in every climate. 
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Fakcaecinsiemechameha-1 a 
100 airports 


The Decca Type 424 Radar—the simplest and most straightforward of all radar landing aids —is highly efficient, 
accurate, easy to operate and maintain, and is exceptionally reliable. It has the following outstanding features :— 


@ Twin channel for full and immediate stand-by. 
Unimpaired performance in bad weather. 
Instantaneous multi-runway coverage. 
High landing rate. 
Proved remote control of all functions. 
Low capital and operating cost. 
Straightforward to operate and maintain. 
The widespread use of 424 Radar at airports of all sizes 
is a measure of the confidence placed in it by civil and 
DECCA RADAR LIMITED LONDON ENGLAND military aviation authorities throughout the world. 
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By E. R.Gadd, Chief Metallurgist and Assistant Chief Engineer, 


Bristol Siddeley Engines Ltd. 


It has been said of the turbine engine that “ if you can make the 
turbine blades work, you can make the engine work.” 

This statement, like many similar generalizations, is no doubt an 
oversimplification of turbine engine problems. However, it is certain 
that much of the rapid progress in turbine engine performance has been 
due to intensive research into blade materials and into techniques of 
blade manufacture. 

Bristol Siddeley Engines recognized this from the early days, and 
it is significant that when the technique of precision casting was intro- 
duced to this country from America during the latter part of the Second 
World War, the potentialities of this process for turbine engine com- 
ponents were immediately recognized, and Bristol was one of the first 
companies in the country to lay down a precision foundry. This foundry 
was specifically designed to produce turbine blades in quantity. Shortly 
afterwards it was also decided to install a forging shop to produce either 
oversize or precision forged turbine and compressor blades. These 
facilities became a great asset to the Company in that it was able to 
take early advantage of any new material developments, whether in the 
cast or wrought form. 

In addition to the casting and forging of blades, the Company’s 
machine shops were fully equipped to machine blades from oversize 
forgings or from bar stock, and in fact many blades now produced are 
machined from rectangular or rhomboidal shaped bars. 

The precision foundry (now one of the most advanced in Europe) 
made some experimental sets of Nimonic 80 turbine rotor blades as 
far back as 1943. This was a very bold experiment for those days and, 
in the light of our present knowledge, it is not surprising that they were 
not altogether successful. 

The Nimonics were not considered good casting alloys but Bristol 
Siddeley soon learnt to make good stator segment castings in Nimonic 80 
and Nimonic 90. More recently, alloys such as X 40 and W.I. 52 have 
tended to replace the Nimonics for the hotter stator stages. 

The early attempts to produce turbine rotor blades by casting were 
unsuccessful, mainly owing to the difficulty of maintaining the high 
standard of cleanness and freedom from defects that these blades 
demanded. There was, moreover, a steady and constant improvement 
in wrought blade materials and at that stage cast blades gave no technical 
advantage over the wrought versions. 

However, the idea that at some stage the cast rotor blade might 
well come into its own was always kept in mind, and in 1955 a number 
of sets of X 40 rotor blades were cast and engine tested for comparison 
with wrought Nimonic 90. This experiment showed that, while X 40 
gave somewhat superior results to Nimonic 90, the improvement was 
not sufficient to justify introducing X 40 into production, and in any 
case other wrought alloys (i.e., Nimonic 100 and later Nimonic 105) 
became available. The X 40 exercise was, however, very valuable in 
that it showed that, although it was air cast, this material was extremely 
consistent in its behaviour in the engine and superior in consistency to 
the wrought alloys. 

The development of the wrought alloys Nimonic 100 and Nimonic 105 
revealed the increasing difficulty in forging that was to be expected 
from improved strength, and it became apparent that any future alloys 
would need new ingot casting techniques, since the alloying additions 
required for these improved alloys were expected to produce a much 
lower level of cleanness. With the advent of industrial scale vacuum 
melting techniques, however, nickel base alloys took a new step forward 
in the high temperature field. 

Difficulties in producing sound ingots for forging purposes were 
reduced because the metals were free from dissolved gases, inclusions, 
and undesirable low melting point impurities. In the wrought field the 
alloys Nimonic 115 and G 70 appeared with improved properties over 
Nimonic 105 but with the attendant blade forging difficulties which 
were inevitable with the higher hot strength. 

The real advance, however, came with the development of alloys 
suitable for cast blades. The Company was quick to realize the 


The Development 
of High Temperature Materials 


A stage in the moulding process of stator segments in the foundry. The production 
has been extensively mechanised and the components can be seen in transit to the 
next operation on the overhead conveyor. 


Two of the vacuum casting furnaces which are used for the production of blade 
castings in G.64 and later alloys. Large numbers of turbine rotor blades in G.64 
have been produced by this method for the Proteus. 
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Stress t.s.i. 


Examples of blades which have been produced by vacuum melting and casting 
techniques. Development work is continuing on new alloys such as the cast cobalt 
G.34. 








Hollow stator blade segments as received from the foundry in the “as-cast” condition. 
The production of cooling channels in the blades during the casting process is 
simpler than drilling and welding methods. 


A comparison of the 

stress rupture properties 

of various turbine blade 

materials. 

A: wrought nickel 
alloys 

B: cast nickel alloys 

C: cast cobalt alloys 

The shaded area of the 

diagram indicates the 

current development of 

niobium alloy. 





Temperature °C 
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importance of this and promptly ordered a vacuum high frequency 
furnace for the foundry, and put in hand modifications to the existing 
carbon arc furnaces to make them adaptable to vacuum casting 
techniques. 

One of the first truly successful vacuum melted and vacuum cast 
alloys was G 64, which led the current wrought alloys by some 35°C 
and which was shown both on engine test and production approval 
stress-to-rupture test to give extremely consistent performance. Proteus 
turbine rotor blades in G 64 have been produced in large quantities 
over the last few years and have fully met the performance predicted 
from engine development tests and laboratory evaluation. 

Whilst these cast blades in vacuum melted G 64 are giving satis- 
factory air line service, foundry development work continues on newer 
and better alloys such as E P K 24 and G 74, which are substantially 
in advance of any wrought alloy so far submitted. 

In addition to high creep strength, a high resistance to oxidation 
is an essential requirement for a successful gas turbine blade material. 
The difficulty of combining these properties in the same alloy was 
appreciated by Bristol Siddeley, and a research programme on surface 
coatings has been in operation for the last five years. This work proved 
to be well justified since it was found that G 64, with a chromium 
content of 11.0 percent benefited considerably from an aluminium 
coating ; in fact even alloys with chromium contents in the 14/16 per- 
cent region are improved in their resistance to oxidation, especially a 
vicious form of oxidation which is activated by the presence of sulphates. 

While the exploration of new and better alloys for blades is carried 
on without respite, due regard has been given to methods of cooling 
blades and, in particular, ways of producing cooling holes or passages 
in blade forms. There are many ways of forming these holes or passages. 
They include conventional drilling, spark machining, electrolytic drilling, 
joining of split sections by high temperature brazing and by welding 
by various methods, including electron beam welding. In the case of 
cast blades, the production of holes during the casting process itself 
offers a much more straightforward manufacturing process. 

From the point of view of overall engine performance it is clearly 
preferable to utilize a superior material rather than be compelled to 
produce holes or passages in an inferior one. The production of blades 
from stock material which has been drilled and subsequently extruded 
to produce special hole shapes has also been explored. All these methods 
call for very difficult and costly manufacturing techniques. 

From the manufacturing point of view, there is no question as to the 
advantages of using a solid blade having the right order of hot strength. 
In the search for better blade alloys, the Bristol Siddeley research team 
are looking beyond the nickel base alloys to chromium and niobium. 

It is believed that the next real step forward may well lie with 
niobium. The development of niobium alloys is likely to be a long 
and costly business and will involve further intensive work in the field 
of surface coatings. This adventure into new and exciting materials 
is but a continuation of the policy which has been followed by the 
Bristol Siddeley Company from the time of the development of its 
first turbine engine; a policy dictated by the conviction that the future 
of this type of power unit is dependent to a very great extent on success- 
ful development of improved turbine blade materials. e+ 


The composition of a number of high temperature alloys 











ALLOY Cc Cr Al Ti Co Mo Ww Nb Vv Ni 
Ni 80A 0.05 | 20.0 1.0 2.3 _ - _- - - R 
Ni 90 0.08 | 20.0 1.4 2.3 | 16.0 _ _- - _ R 
Ni 105 0.15 | 145 | 4.5 1.2 | 20.0 | 5.0 - - - R 
Ni 115 0.15 | 15.0 5.0 40 | 150 | 4.0 - _ - R 
G 64 0.10 | 11.0 | 6.0 - _ 3.0 4.0 2.0 _ R 
G74 0.12 | 16.0 4.0 4.0 - _ 8.0 _- - R 
G 34 0.8 19.0 =~ - R 2.0 - 1.3 2.8 12.5 
X 40 0.4 25.0 - _ R - 8.0 - - 10.0 
W.1.52 0.4 20.0 _ - R - 11.0 1.5 - 2.0 












































Key: C = Carbon; Cr = Chromium; Al = Aluminium; Ti = Titanium; Co = Cobalt; 
Mo = Molybdenum; W = Wolfram; Nb = Niobium; V = Vanadium; Ni = Nickel; 
R = Remainder. 
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Rolls-Royce use Dunlop De-icing Systems 
exclusively for their “Dart” and “Tyne” engines 


‘ 


AIRCRAFT FITTED WITH DUNLOP DE-ICING AND HEATER MAT EQUIPMENT INCLUDE 
ARGOSY - AVRO 748 . BREGUET ALIZE - BRITANNIA - CANADAIR C.L.44 + FRIENDSHIP 
GANNET . HERALD . SHACKLETON . VANGUARD . VISCOUNT AND VULCAN 


DUNLOP 


@ Dunlop Rubber Company Limited, Aviation Division, Coventry, England 
Depots and distributors throughout the world 
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Scouts by Westland 
Skeeters by Saunders-Roe 
Whirlwinds by Westland 

Wessex’s by Westland 





all depend on oil coolers by Delaney Gallay trp 


The Whirlwind also carries a Delaney Gallay 

Cabin heater system 

a We are exhibiting at the 
Farnborough Air Show 

on Stand No. 6 
(equipment display) 

and 285 (main exhibition). 





Delaney Gallay tro 





Member of the Lindustries Group 


Specialists in Heat Exchange and Heat Insulation for over 40 years. 


Vulcan Works Edgware Road London S.W.1. 
Telephone: GLAdstone 2201. 
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The Vickers Vigilant 


A One-man Anti-tank Weapon 


By Lieut. Colonel H.Lacy, M.B.E., B.Sc., 
Vickers-Armstrongs (Aircraft) Ltd. 


The battlefield has been more or less domi- 
nated by armour for some 45 years and, in the 
face of the present ‘‘nuclear stalemate,” there is 
again growing emphasis on conventional arma- 
ment. The accepted need for the rapid deploy- 
ment of “‘fire brigade’’ forces with the capability of 
strong anti-tank defence points to a requirement 
for a light, portable, anti-tank weapon, which can 
be carried in quantity in an aircraft. Lightly 
armed forces, equipped with such weapons, can 
be air-transported into a “trouble spot” and 
maintain adequate defence against armour, pend- 
ing the arrival of heavier reinforcements, pos- 
sibly by slower transport. 

To fulfil such a requirement, a small guided 
missile, which is simple in concept, light, and 
compact, is the obvious weapon. An efficient 
weapon of this type would redress the balance of 
power and enable lightly armed airborne forces 
to maintain their ground against enemy armour. 

In 1950, Vickers-Armstrongs (Aircraft) Lim- 
ited, now a member Company of the British Air- 
craft Corporation, entered the field of guided 
weapons, and in the following few years built up 
a team which acquired considerable experience in 
missile development, including air-to-ground, 
air-to-air, and ground-to-ground projects. 

Early in 1957, a draft specification for a man- 
portable anti-tank guided weapon, such as to 
enable a soldier to “kill” single-handed the 
heaviest tank, was prepared, although there was, 
at that time, no stated requirement for an in- 
fantry anti-tank guided weapon. 

The development of Vigilant (Visually Guided 
Infantry Light ANti-Tank missile) was initiated 
around this specification and, as it was a private 
venture project, user influence was brought to 
bear immediately by close liaison with the Army. 
The first control missiles were fired in Sep- 
tember, 1958. By early 1960, after the firing of as 
few as 100 missiles during development, re- 
liability was as high as 83 percent, and rose to 
the current level of 95 percent early this year. It 
was already very evident that the design inter- 
pretation of the concept was a sound one, 
primarily suited to equipping the infantry bat- 
talion for the first time with a weapon which 
could reach out and prevent armour from infil- 
trating into its area of influence. 

Throughout development, it was considered 
more important to restrict the system weight to 
a one-man load than, for example, to strive for 
greater range, especially when Weapon Assess- 
ment War Games with armour revealed that 
70 percent of the engagements were at ranges less 
than 1,100 yards. 





The Vickers Vigilant anti-tank guided missile at the moment of launch. The guidance wire can 
be seen as it is stripped from its retaining cover on the underbody of the missile. The marker 
flame, which appears some little distance behind the missile, also assists in burning the 
by-products of the rocket motor combustion. In consequence, no smoke trail is left to mark 
the launch point to the enemy. 


Experience with other anti-tank guided weap- 
ons already under development emphasized the 
need for a very simple and easy-to-learn control 
system, and if it was to be an infantry weapon, it 
was more economical to incorporate an auto- 
pilot, than to attempt to train “pilots.” 


The salient parameters selected to control the 
design were:— 


1. Arbitrary limit in size and weight, in order to 
maintain the truly ‘“‘one-man” concept; no 
“black boxes” or ancillary gear. 


2. An easy-to-learn control system, based on the 
assumption that the weapon could be operated 
with no special training, and therefore by all 
grades of soldiers. 


3. The shortest possible time of flight, in order to 
obviate any threat of counter-measures. 


4. The maximum possible size and weight of 
warhead. An inherent flexibility for shift of 
centre of gravity with additional warhead 
weight was provided for by adequate design 
tolerance in the aerodynamic performance of 
the missile. 


The design response to these parameters is 
reflected in the following characteristics of 
Vigilant :— 

1. The missile weight has been held down to 31 Ib. 

There is no ancillary gear except a carry box 

launcher and a monocular sight. 


2. The velocity control autopilot system has com- 
pletely solved the training problem, and typical 
infantrymen, after simulator training only, 
have scored (including their training mis- 
siles) :— 

Private A 12 hits out of 14 missiles 
Private B 10 hits out of 11 missiles 
Private C 7 hits out of 9 missiles 


Most of these hits were obtained against diffi- 
cult moving targets. 


3. The time of flight is 12 seconds out to 5,280 ft. 
The striking velocity of the missile is 500 f.p.s., 
which is twice as fast as any comparable missile 
and enables snap targets to be engaged at the 
longer ranges. 


4. The warhead weight is 36 percent of the flying 
weight of the missile. It has an optimum lethal- 
ity for a missile of this size and can kill the 
heaviest tank. 


The engineering integrity of the design is re- 
flected in the relatively small number of missiles 
fired during development, and the current high 
reliability figure. 


Some Design Features 


The very low aspect ratio wings are fitted with 
trailing edge flaps, operated by gas driven actu- 
ators responding to the controller’s signal. The 
provision of electrically controlled gas-operated 
valves in the actuator system is an ingenious ar- 
rangement, whereby the gas piped from the 
rocket motor not only operates the valves in the 
actuators, but also drives a small turbo alternator 
which provides electrical supplies to the whole 
system, with no need for auxiliary batteries. 

The gyroscope assembly for the autopilot 
consists of two gyroscopes, one for pitch and one 
for yaw. The technical advantages of Vigilant are 
principally focussed on its autopilot, with a 
closed loop velocity control system. The operator 
is required only to change the heading of the 
linear flight path missile on to the line of sight to 
the target, whereas in all the other anti-tank mis- 
siles of this type, which are acceleration-con- 
trolled, the operator is called upon to smooth a 
curvilinear flight path into a straight line of sight. 
Many other advantages accrue from the auto- 
pilot :— 


(a) It provides a system which is easy to operate. 
Very few missiles are required for training. 

(b) The chance of a hit is greatly increased. Accuracy 
is such that the vulnerable part of the tank can be 
hit. 

(c) An unrivalled minimum range _ performance 
(600 ft) is achieved, as the missile can be rapidly 
brought on to the sight line. 

(d) A wide angular coverage (+ 40°) is practicable, 
with great flexibility at angle-off shots. 

(e) The autopilot also arranges that the missile auto- 
matically levels out at a convenient height after 
launch, thus considerably easing the operator's 
task. 

(f) The autopilot ensures that, should there be a 
disturbance in the flight of the missile due to a 
gust of wind or grazing of an obstruction, such as 
a bush, a change of attitude will result, and the 
missile will be immediately and automatically 
restored to its original heading, having been 
subjected only to a small lateral displacement, 
which the operator immediately observes and 
corrects. 

(g) The autopilot also ensures that the missile is at 
all times automatically turned from the original 
launch heading towards enemy lines, thus min- 
imising the risk to own troops. 


Other advantages in the tactical handling of 
the weapon are derived from its high manoeuvre- 
ability and lethality. Vigilant has a maximum 7 g 
lateral manoeuvreability and can achieve a large 
body incidence. This contrasts with the aero- 
dynamic control by spoilers of typical accelera- 
tion-control missiles, with manoeuvreability less 
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than 2 g. Their low incidence and low speed 
dictate the large wings, which make them cum- 
bersome to handle, in addition to restricting per- 
formance potential. 

The high velocity, and the consequent short 
time of flight, is a sensible compromise between 
the absolute minimum time required to hit a tank 
as soon as possible and the time necessary to 
enable the operator to get his missile under con- 
trol. A Vigilant missile can hit a tank faster than 
a low velocity infantry gun—which has first to 
range—can put a shot against one. 

The particularly large and heavy warhead for a 
weapon of this size, with its high chance of kill 
against the heaviest tank, shows a marked superior- 
ity over all other weapons when measured in 
terms of performance against total equipment 
weight and manpower. The warhead will defeat 
any known armour. 


Tactical Employment 


Vigilants in concealed forward positions enable 
the defence to reach out in range, and, in con- 
junction with properly sited anti-tank guns, pro- 
vide powerful defence in depth. The tactical ver- 
satility of the weapon is well illustrated by the 
many roles arising from its portability and ab- 
sence of ancillary equipment. In marine com- 
mando operations, the Vigilant gives invading 
troops, for the first time, the ability to engage 
instantly and effectively any armour contesting 
the landing. 

In airborne operations, the paratrooper can 
drop with his Vigilant and engage enemy armour 
within seconds of landing. Heavy anti-tank guns, 
because of their bulky nature, must be dropped 
separately. The paratrooper may, on landing, be 
faced with the hazard of running a considerable 
distance, unloading the anti-tank gun, and then 
setting it up, before being able to engage the enemy. 
Vigilant affords valuable protection during the 
critical phase of derigging the heavy equipment 
drop, i.e. when the airborne forces are most 
vulnerable. 

In association with the helicopter, the Vigilant 
can provide the Army with great flexibility in 
anti-tank operations. A helicopter, with rack- 
mounted missiles, could provide a very effective 
method of rapidly meeting and defeating suddenly 
developed and widely separated tank threats. 
Alternatively, troop-carrying helicopters could be 
used for the rapid transport of Vigilant-armed 
soldiers to otherwise inaccessible terrain favour- 
ing defence against attacking armour. 

What the infantryman has always wanted is an 







An exploded view of the Vigilant anti-tank missile. 
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A Ferret scout car with two Vigilants mounted on the 
turret. The car commander is holding the monocular 
sight and firing control used for the guidance of the mis- 
siles. A light scout car similarly equipped represents a 
serious threat to heavy armour. 





An infantryman places the combined carry-box/launcher 
in position. The reel in the foreground carries the fir- 
ing wire which is paid out to the concealed firing point. 
The operator can be positioned some distance from the 
launcher to command the field of fire. 


effective weapon which can be carried by the 
leading troops in the attack. In Vigilant, the bat- 
talion commander will have a weapon which can 
reach out and prevent enemy tanks from infil- 
trating into his area of influence without his hav- 
ing to call on armour, which since the war has 
been the solution to this anti-tank problem. The 
“armour v. armour”’ battle of attrition is not only 
a costly means of killing tanks, but has serious 
tactical limitations. Supporting armour is not air- 
portable, and will seldom—if ever—be available 
in the opening stages of a limited war. Moreover, 
armour is often separated from the infantry by 
obstacles, such as water, and must frequently be 
withdrawn from its forward area role for mainte- 
nance and concentration purposes. 





. Guidance wire 
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Vigilant will not only give the infantryman a 
psychological balance against armour, but will 
force armoured forces to use ground where more 
orthodox weapons, properly sited and defiladed, 
can attack and kill. 


Strategical Significance 


The strategical significance of such a small 
weapon, weighing little more than the accepted 
commercial air-line baggage allowance (44 Ib), is 
the anti-tank capability which can be packed into 
any type of aeroplane. 

In the Bristol Britannia 253, in service with the 
Royal Air Force, 705 Vigilants could be stacked 
by means of the standard pallet loading system. 
In a similar freight/troop role, many combinations 
of Vigilant missiles and troops are possible, 
such as:— 

(a) 184 Vigilants in lower freight holds, with 100 
troops; 

(b) 250 Vigilants in lower freight holds, with 87 
troops; 

(c) 250 Vigilants in lower freights holds plus 190 
stowed in forward part of main compartment, 
with 50 troops. 

A typical sortie carrying 184 missiles and 100 
troops could be for a flying time of up to 15 
hours. 


Cost per Kill 


In attempting to make a comparison of the 
costs of the various wire-guided infantry anti- 
tank weapons, undue emphasis is often placed on 
the bare cost of the missile, whereas this is only 
one of the factors contributing to the real cost, 
which is a complex of capital outlay and oper- 
ating costs. 

In equipping an army, cost is incurred in pro- 
curing both non-expendable equipment and stocks 
of missiles. The latter are expended partly in 
peace-time training, and at a considerably acceler- 
ated rate in combat. The level of missile stocks is 
determined by the numbers required to provide 
and maintain the required training strength 
together with the reserves of combat missiles. The 
cost of non-expendable equipment is small in 
relation to the cost of the missiles, so that the real 
criteria for comparing the costs of these types of 
weapon system are:— 

(a) Training costs per man per annum 
(b) Cost per tank destroyed. 

Vigilant is the lowest cost system, particularly 
as regards training. Furthermore, unlike acceler- 
ation guidance systems, Vigilant does not need 
specially selected high grade operators. It can be 
used by nearly all infantry soldiers. 

The ‘‘cost per kill’ comparison would be more 
marked if other factors had been included. In 
battery applications, for example, fewer Vigilants 
are required because of the wider coverage. More 
opportunities for tank kills occur with a given 
number of Vigilants, or alternatively the same 
opportunities with fewer missiles. This is due not 
only to its minimum range performance and wide 
angular coverage, but is also because its extreme 
portability and speed into action permit more 
rapid re-deployment. Its greater accuracy allows 
successful engagement when perhaps only the 
tank turret is visible at extreme range. Lethality is 
increased because the accuracy of Vigilant per- 
mits the more vulnerable parts of the target to be 
attacked. 

Another most important factor is that of 
operational degradation under battlefield con- 
ditions. There will be some degradation of skill 
with any system, but it is an established fact that, 
the simpler the control system, the less the de- 
gradation. This results in a further increase of 
Vigilant cost advantage. When such factors are 
taken into account, comparison shows that, in 
terms of both training and tank destruction the 
Army can be equipped with Vigilant at less than 
half the cost of other systems. + 











Business and Light Aircraft: 
The Way Ahead 


By Peter Masefield, Managing Director, British Executive and General Aviation Limited. 


ie this sixth decade of manned flight, business 
aviation, and personal flying generally, is becom- 
ing a force to be reckoned with as a means of 
transport. And, although ‘“‘general aviation” in 
the United States last year flew some four times 
more aircraft hours than all America’s scheduled 
airlines put together, in business aviation we are 
still, everywhere, only at the beginning. The 
quickening tempo of both national and inter- 
national trade throughout the World, the con- 
gestion on the roads, the flying habit promoted 
by the airlines, and the convenience of non- 
scheduled ‘“‘at call” flying conspire to create a 
climate for the intensive expansion of business 
flying. 

American light and business aircraft still do- 
minate this particular sphere of aviation in 1961. 
Great names, such as Beech, Piper, Cessna, Aero 
Design, and Mooney, are adding to reputations 
which are respected and recognised throughout 
the world. Piaggio in Italy, Morane-Saulnier 
and Jodel in France, Dornier in Germany, and 
de Havilland in England all produce fine aircraft 
in this general class. 

More and more, however, this sphere of avia- 
tion is becoming a specialised business, in which 
the right price of aircraft has to be allied to the 


right performance, and, again, the right perfor- 
mance to the right equipment and furnishings. 

Above all, it has become an international 
business for, in the words of the great Cayley: 
“The air is an uninterrupted, navigable, ocean 
which washes at every man’s door.” 

Thus the market exists, and it is one which will 
expand greatly in the next decade. Ten aircraft 
in operation in 1975 for every one today is not 
a piece of wishful thinking. This is a market at 
present largely met by American aircraft, which 
are excellent in their field. It is a market which will 
also respond to new approaches and to new 
equipment, provided they meet the major requi- 
rements at the right prices. 

In an earlier and more spartan world, Britain 
led the way in light aircraft. The de Havilland 
Moths, Blackburn Bluebirds, Avro Avians, Sim- 
monds Spartans, Miles Hawks, and Percival 
Gulls flew all over the world; and there are many 
of them flying yet. But only three names survived 
in the light aircraft field in England—Auster, de 
Havilland, and Miles,—and now two of them, 
Auster and Miles, are joined together in the 
British BEAGLE Group to specialise on a new 
range of British light and business aircraft. The 
third, de Havilland, has become part of the great 


The first member of the BEAGLE pack to take the air—the A.109 Airedale, a single-engine, four-seater aircraft of me- 


dium price. 








Hawker Siddeley empire, devoted primarily to 
the more exotic forms of airline and military 
aviation, but with a new, sophisticated, business- 
jet to come. 

British Executive and General Aviation Li- 
mited (BEAGLE) was, in fact, formed on 
October 7th, 1960, as a subsidiary of the Pressed 
Steel Company Limited of Cowley, Oxford. Its 
purpose is to concentrate on the design, develop- 
ment, and production of specialist, business, and 
lighter types of British aircraft. Its aim will be 
to produce a wider range in a field which British 
industry has greatly neglected in recent years 
because of pre-occupation with defence work and 
with aircraft for the airlines. 


Shortly after BEAGLE’s formation, negotia- 
tions were completed whereby both the Auster 
and the Miles companies became wholly-owned 
subsidiaries of BEAGLE as “BEAGLE-Auster 
Aircraft Limited’ and “SBEAGLE-Miles Air- 
craft Limited’, located at Rearsby, Leicester, 
and Shoreham, Sussex, respectively. 


At the same time, three inter-related families 
of light and business aircraft were put in hand in 
as many parallel BEAGLE design teams, all 
under the direction of the writer, as Managing 
Director, and of George Miles, as Technical 
Director. 

The three design teams—and their initial pro- 
ducts to be seen at the 1961 Farnborough Display 
The Masefield-BEAGLE team (R.J.B. Wood- 
hams—Chief Engineer). 

First product, the BEAGLE B.206 twin-engine, 
five/seven-seat, low-wing business aeroplane (first 
flight August 1961). 

The BEAGLE-Auster team (M. Langley—Chief 
Engineer). 

First product, the BEAGLE A. 109 Airedale 
single-engine, four-seat, high-wing private and 
executive aeroplane (first flight April 16th, 1961). 

The BEAGLE-Miles team (G.H. Miles—Chief 
Engineer). 

First product the BEAGLE M.218, light twin- 
engine, four-seat, low-wing private and executive 
aeroplane, the furnished cabin of which is to be 
shown in the Static Exhibition at Farnborough. 

These three aircraft are the first of the BEAGLE 
pack, which will be gradually extended to com- 
prise a wide range of sizes—from two-seat to, 
eventually perhaps, about ten-seat. Other BEA- 
GLES which will be on view at Farnborough are 
the BEAGLE-Auster A.O.P. Mark 11 STOL 
aeroplane for the British Army; the BEAGLE- 
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Auster A.61 Terrier two/three-seat, light trainer/ 
tourer and—in mock-up form—the projected 
BEAGLE-Miles M.117 Martlet two-seat, light, 
low-wing trainer/tourer. 


All these types—as well as the BEAGLES still 
to come—will be powered by Rolls-Royce Con- 
tinental engines, rangingin horsepower from 100to 
over 300. Turbines, will nodoubt,comealonga little 
later. But, for many years to come, the piston 
engine with its qualities of cheapness, reliability, 
and relative smoothness in its “‘flat’’ form, with 
fuel injection and the advantage of low fuel con- 
sumption, will remain the major force in light 
‘general aviation.” 


There are seven factors which are fundamental 
to a successful executive aeroplane. They are:— 


1. Reliability — Good engines, combined with 
simple, but adequate, systems and maintenance 
characteristics. 


2. Performance — Satisfactory standards to meet 
specialist requirements of takeoff, landing, and 
cruising flight. 


3. Handling — Good flying characteristics, combined 
with a good view from the cabin to meet the 
requirements of both the professional and the 
amateur pilot. 


4. Comfort — Advanced standards of furnishings 
combined with adequate room—both leg room 
and seat width. 


5. Economy — Quality achieved at costs appropriate 
to the specialist market. 


6. Equipment — Ability to instal radio, navigational, 
and other items of equipment which are required 


Masefield BEAGLE BEAGLE BEAGLE BEAGLE BEAGLE 
BEAGLE Auster Miles Auster Miles Auster for modern operations. 
A.109 M.218 Mark 11 M.117 A.61 
Model Airedale Martlet Terrier 7. Looks — “A good aeroplane looks right” (the 
nverse is not necessarily true). To sell, modern 
Type Twin-Engine Executive/ Light Twin Army A.O.P. Trainer/Tourer Trainer/Tourer ~ y ) ‘ 
Executive Tourer aeroplanes must have aesthetic appeal. 
Seats 5/7 4 4 3 2 2/3 
Wing Position Low High Low High Low High . . 
Engines 2x260h.p. 1x180h.p. 2x100h.p. 1 x260h.p. 1 x100h.p. 1145 hap. We, in BEAGLE, believe that each of these 
R, »R. R. R. psy i i iali 
Continental Lycoming Continental Continental Continental Major coven fundamentals ses Waddy india ific and specialist 
10-470-D 0-360-A O-200-A 10-470-D 0-200-A 10 Mark 2 attention and this is what we are aiming at. For 
instance, Professor A.D. Young of Queen Mary 
Span 38’ 0” 36’ 0” 37’ 0” 36’ 5” 37’ 0” 36’ 0” . 4 
Laat 32° 7” 26’ 4” 25° 3” 25° 8” 25° 6” 23° 3” College is a BEAGLE consultant on aerodyna 
Height 11’ 3” 10’ 0” 7 5” 8’ 11” 7 5” 8 11” mics, and Professor Misha Black of the Design 
Wing area (sq.ft.) 200 190 170 198 170 184 i 
AUW (ib) 6,000 2,750 2,750 2,550 1,550 2,350 ing and interior design. 
Fuel capacity (1.G.) 150 52 70 30 38 22 
Gudee sane (kts) 196 123 128 100 96 Although we have put the first of our new pro- 
asic List Price £ 27,000 £ 4,750 i £ 2,000 £ 1,995 : at te 
(sterling) (provisional) (provisional) (provisional) ducts into the air in the space of less than a year, 
First Flight August, 1961 April16th,1961 Summer, 1962 August, 1961 Summer, 1962 April, 1961 we are under no illusions about short cuts to the 


right answer in this intensively competitive inter- 
national business. Success in aeronautics comes 
as a result of ceaseless endeavour, restless dis- 
satisfaction, intensive development, and a de- 
termination to improve detail. 


We are building up what will, we believe, be a 
fine and enthusiastic team in BEAGLE, almost 
all of whose members fly themselves and enjoy 
it. We are confident that, in the BEAGLE B.206, 
we will have an aeroplane which will hold its 
own in the skies of the world against the best that 
competition offers. And its “pack-mates” will, 
we trust, each fill their different roles to the satis- 
faction of both the designers and the users. 


By Farnborough time, in 1962, we hope to 
show that prototypes can be rapidly followed, by 
production—and that production of the right 
types at the right prices, with the proper after- 
sales backing, will command world-wide support. 


++ 


Liquid Oxygen Equipment for Aircraft Breathing Systems 


By: Simon Kugler B.Sc (Eng), A.M.1.Mech. E., A.F.R.Ae.S., Chief Development Engineer, 
Aircraft Development Department, British Oxygen Co. Ltd. 


; eres to the invention of the jet engine— 
the operating altitudes and ceilings of modern 
military and civil aircraft are continually in- 
creasing, the oxygen system is taking an even 
more important part in ensuring the safety of the 
aeroplane and its occupants. For we require a 
continuous supply of oxygen to our lungs to 
sustain life, at a partial pressure which must not 
be reduced substantially below its sea level value. 

Due to the reduction in ambient air pressure 
with altitude, the oxygen pressure in the lungs 
also drops, and reduces to insignificant propor- 
tions between 25,000 ft and 30,000 ft when air is 
breathed. By breathing 100 percent oxygen, the 
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oxygen pressure in the lungs is increased consider- 
ably, but even so it reduces to nothing at about 
52,000 ft, and above that altitude oxygen is actu- 
ally given off from the blood, rather than ab- 
sorbed by it. 

Thus it is found that some supplementary 
oxygen is required to maintain efficiency from 
about 10,000 ft upwards—night vision deterior- 
ates at much lower altitudes—increasing to 100 
percent at between 30,000 and 35,000 ft, and 
from 40,000 ft upwards the oxygen must be sup- 
plied under an increasing pressure. 

For this reason the cabin on modern aircraft is 
generally “‘pressurized,”’ to provide an acceptable 


environment, and on civil aircraft the pressure is 
usually kept to an equivalent altitude of about 
5,000 ft. However, cabin pressurization has been 
known to break down, and if the pressure cabin is 
punctured—for example on military aircraft by 
enemy action—explosive decompression may 
result. For this reason on military aircraft in com- 
bat zones, a lower differential pressure is used, and 
the equivalent cabin altitude is usually of the order 
of 25,000 ft. At such altitudes the use of oxygen 
equipment to maintain efficiency is essential, and 
even at low cabin altitudes emergency oxygen 
equipment must be provided in case of failure of 
the cabin pressure. 











amount of oxygen in gaseous form. 


The need for oxygen equipment on aircraft was 
first felt in 1917, as operating altitudes increased. 
A gaseous oxygen system was constructed from 
components then commercially available. How- 
ever, the weight of these commercial cylinders 
proved prohibitive for long flights and thus liquid 
oxygen equipment was shortly introduced. 


For some years after this the RAF used both 
gaseous and liquid oxygen systems. However, 
the supply position for liquid oxygen was not 
easy, particularly abroad, at out of the way 
depots, and so liquid oxygen went out of favour, 
and by 1930 gaseous oxygen systems, operating 
at 1800 p.s.i., were used exclusively in the RAF 
and Royal Navy. 

The decision to re-introduce liquid oxygen into 
service aircraft was made in 1957. For some years 
prior to this B.O.C. had been working on ac- 
quiring the know-how of liquid oxygen converter 
construction, drawing both on their large ex- 
perience in the design and manufacture of large 
liquid oxygen storage tanks and plant. Building 
upon this knowledge B.O.C., under a develop- 
ment contract awarded by the M O A.., pioneered 
the re-introduction of modern liquid oxygen 
equipment into the latest British Service aircraft. 
In the first instance, a 314-litre system was evolved 
for use on fighter-type aeroplanes, and this is now 
going into service on such diverse aircraft types 
as the Blackburn Buccaneer, Folland Gnat 
Trainer, de Havilland Sea Vixen, and the various 
Marks of English Electric Lightning. More re- 
cently there has been growing interest in LOX 
systems for transport and passenger aircraft and 
a 25-litre system has been developed by B.O.C. 
for use on the Armstrong Whitworth Argosy C.1, 
the Short Belfast and the de Havilland Comet 4C. 


The case for LOX 

This can be summed up in two words, ““Weight”’ 
and “Space.” At atmospheric pressure, the den- 
sity of liquid oxygen at its boiling point is some- 
what greater than that of water— its boiling 
point is -183°C (90°K), and its density, is 2.52 
Ib/litre. Due to the high density there is a con- 


A typical liquid oxygen system, the 25 litre unit, weighs only 102 Ib when full, 
while gas cylinders to supply the same amount of oxygen weigh 401 Ib. The 
space and weight saved with the liquid system is illustrated here by the 25 litre 
package unit alongside the ten 1,800 p.s.i. cylinders required to store the same 





service, 


siderable saving of both weight and space when 
storing oxygen in liquid form, compared with the 
conventional gaseous system at 1,800 p.s.i. The 
big advantage of liquid oxygen is brought home 
if it is realised that 1 litre of liquid oxygen when 
boiled and expanded will give approximately 840 
litres of gaseous oxygen at N.T.P., thus even when 
the oxygen is stored at 1,800 p.s.i., the density 
ratio between gas and liquid is still of the order of 
7 to 1. Storage at a higher pressure is possible, for 
example in fibre-glass vessels, but to achieve a 
density ratio of 1 to 1 a pressure of 12,000 p.s.i. is 


A comparison of the reduction in partial oxygen pressure 
in the lungs with the reduction of ambient air pressure. 
Curve A shows the partial pressure reduction in the lungs 
when breathing air, and Curve B when breathing 100 
percent oxygen. 
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The assembly of a 3!4-litre vacuum insulated liquid oxygen container at the British 
Oxygen Aircraft Works. Apart from the precision engineering demanded, the con- 
struction must be carried out in surroundings of surgical cleanliness. The presence of oil 
or grease on components used in oxygen systems presents a serious explosion hazard in 


required. A liquid oxygen system occupies some- 
what more space than appears from this simple 
comparison, because of the insulation required on 
the containers and additional control valves, but 
in general terms this does not invalidate the argu- 
ment. 

The weight advantage accompanying the re- 
duction in volume is increased, as liquid need not 
be stored at high pressure—on the contrary it is 
advantageous to keep the working pressure as 
low as possible. This incidentally also increases 
the safety of the liquid oxygen system. 


The LOX system and its components 
Liquid oxygen, due to its low boiling point, is 
stored in very efficiently insulated containers. 
These vessels are normally double-walled; the 
inner container holds the liquid and the space 
between the walls—the “interspace’’—provides 
insulation. Heat flow into the inner vessel is 
minimised by — 
a) Careful design of the suspension system, to 
give maximum strength for minimum ‘“‘cross- 
sectional” area and longest heat path; 


b) Inlet and outlet connections crossing the inter- 
space are carefully coiled up to give the maxi- 
mum possible length of conductive heat path, 
and wall thickness is reduced as far as possible; 

c) To eliminate gas conduction and convection, 
the interspace is pumped to a high degree of 
vacuum, of the order of 10-° to 10-* mm.Hg. 

d) To reduce radiation loss, the surfaces are care- 
fully polished and treated to reduce emissivity 
to a minimum. 

By these means the inevitable loss of oxygen by 
boiling has been reduced, typical present day 
figures being 12-15 percent of total contents in 24 
hours for the small 31/4 litre container, and 5 per- 
cent in 24 hours for the larger 25 litre vessel. 

The liquid oxygen container incorporates a 
capacitance probe, used for contents gauging. 
The probe forms a condenser, with the liquid 
oxygen forming the dielectric. The change of di- 
electric constant with LOX contents changes the 


INTERAVIA 9/1961 1229 











The oxygen system of a Folland Gnat trainer is replenished with liquid oxygen from a 50-gallon vacuum insulated dis- 
penser. The dispenser unit has been specially designed to meet the requirements of the NATO forces. 


capacitance value of the probe. This change is 
sensed in a transistorized gauging unit which con- 
verts it into a contents reading on an indicator. 

The liquid oxygen system is fully automatic in 
operation. It is pressure filled from a ground 
dispenser via an airframe-mounted Fill and Vent 
Valve to which is connected a mating valve, 
known as a Ground Half Coupling, which con- 
forms to NATO/USAF standard. On completion 
of filling, the system automatically pressurizes by 
vapourising a small quantity of LOX in a pres- 
surising circuit and passing it back into the 
container. The Pressure Control Valve controls 
the process and ensures that the desired working 
pressure is maintained. It also incorporates relief 
valves and an economiser feature which allows 
gas from the top of the container to be utilised for 
breathing instead of going to waste. Normally 
liquid oxygen is supplied from the bottom of the 
container on demand to the regulators and air- 
craft distribution system. 


Future developments 

Improved Heat Exchangers—Liquid oxygen is 
very cold, and must be evaporated and warmed up 
before it can safely be supplied for breathing. 
Present practice is to run the liquid through a 
length of pipe, usually coiled up, before passing 
it to the aircraft distribution system, relying on 
natural convection from atmosphere to provide 
sufficient heat. This is adequate for single seat or 
two-man aircraft, but with the large flow rates 
which will be required for emergency passenger 
use On modern transport aircraft several hundred 
feet of pipe may be required. Hence more efficient 
heat exchangers are being investigated, such as 
finned tubing and extended sheet vapourisers, 
relying on natural convection. If a source of air is 
available, forced convection may be considered, 
or even a matrix type heat exchanger, although 
this may introduce problems if the air supply is 
wet, due to freezing up of the passages. 


Improved Container Insulation—The major 
portion of the heat inleak into present day LOX 
containers is found to be due to radiation. No 
great improvements can be expected in reducing 
further the emissivity of the interspace surfaces 
and means must, therefore, be found of intro- 
ducing radiation ‘shields’ into the interspace. 
Two parallel methods are at present under in- 
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The Ground Half Coupling, designed to NATO/USAF 
standard, which connects the dispenser to the aircraft 
system. 


The airframe-mounted Fill and Vent Valve, which mates 
with the Ground Half Coupling. 
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The transistorized gauging unit and contents indicator. 
The gauging unit senses the change in the capacitance 
value of a probe in the liquid oxygen container. 








The Pressure Control Valve is mounted in the aircraft 
oxygen circuit and ensures that the correct working pres- 
sure is maintained. 


vestigation—both are referred to as ‘‘Super- 

insulation.” 

a) A multi-layer sandwich of aluminium foil in- 
terleaved with fibre-glass paper or other non- 
conducting “spacers” may be wrapped around 
the inner vessel. This material is light and 
highly efficient. It is found that 14 inch to 
1 inch of sandwich of this type almost com- 
pletely eliminates radiation through the in- 
terspace. 

b) The interspace may be filled with a “re- 
flecting powder.” This is a mixture of non- 
conducting powder particles (such as “‘Santo- 
cel”) with aluminium or copper flakes. Again 
the purpose is to provide radiation shields in- 
terspersed with non-conducting spacers. This 
material, although offering improvements over 
present day converter performance, is more 
suited to ground equipment, where a thick- 
ness of several inches of powder is possible, 
without having to consider the weight and 
space penalty. 

A high degree of vacuum is still required with 
these insulants. 


The introduction of ‘‘Superinsulants”’ will also 
make it worthwhile to consider improvements in 
the method of suspension of the inner vessel of 
the container. Present designs are probably near 
the limit of their development potential and new 
methods will have to be investigated. This will be 
no easy task, for what is required is a suspension 
combining high strength with low thermal con- 
ductivity, and excellent resistance to vibration and 
accelerations experienced in modern aircraft. It 
must be borne in mind that any system evolved 
has to be compatible also with a high degree of 
vacuum required in the interspace. 

Packaging 

Originally, liquid oxygen systems were fitted 
nto aircraft already in existence and the indivi- 
dual components had to be installed where con- 
venient and piped up in situ. An improved me- 
thod now coming into use is to package all the 
equipment, preferably on a drip-tray to catch con- 
densation, and install the complete package in 
the aircraft. This enables most of the piping up 
and system testing to be done on the bench and 
improves serviceability. 


Supersonic Aircraft 

Paradoxically, it appears that the need for 
oxygen systems on supersonic aircraft will be less 
than at present. Such aircraft will probably fly at 
altitudes of 70,000 ft or more and, therefore, a 
failure of cabin pressurisation cannot be con- 
templated without catastrophic results. Passenger 
oxygen equipment under these conditions will be 
well-nigh useless—except in the case of a “slow 
puncture’’—but there may well be a case for 
providing protection for the crew, so that in case 
of cabin pressure failure, there is a chance of re- 
covering the aircraft for an investigation which 
may prevent a recurrence. 


Space Flight 

All oxygen required for space flights must of 
course be taken along, but the systems used will 
no doubt be very different from the ones employed 
at present. Even if LOX is carried for the engines 
all oxygen will have to be preserved jealously if 
flights of more than a day or two are contem- 
plated. For such flights, closed cycle systems are 
likely, and regeneration of oxygen from the 
exhaled CO, either chemically or biologically 
(e.g. algae), a definite probability. + 




























The Alvis 
Stalwart 


By D.H. Wood, Interavia, London 


A: the close of World War II the armoured 
car had fallen from favour and the accent lay 
on tracked and half-track vehicles for support, 
supply and battle roles. Only in Britain and 
France was there continuing development 
and production of armoured cars. 

More recently, the situation has changed 
radically, with wheeled vehicles scheduled to 
take over an increasing number of load- carry- 
ing and battle tasks. Germany has renewed 
her interest and the United States is coming 
back into the field. 

Chassis and suspension evolution have 
now reached the point where the wheeled 
vehicle can travel almost anywhere its tracked 
counterpart can go. The main factors govern- 
ing the swing from tracks to wheels are as 
follows :— 

1 — Ease of maintenance. 

2 — Lower cost of operation. 

3 — High speed and quietness of movement. 

4 — Minimum crew fatigue. 

5 — Absence of damage to roads and lines of 
communication. 

6 — High payload. 


The modern generation of wheeled load 
carriers is represented by the Stalwart pro- 
duced by Alvis Ltd. of Coventry, England. 
Initially developed as a private venture 5-ton 
load carrier (water, ammunition, petrol etc.) 
to replenish tank formations, the Stalwart is 
now being considered for roles as diverse as 
a light helicopter/VTOL aircraft platform or 
as a mobile guided weapon launcher. 

The British War Office originally intended 
that its new amphibious army load carrier 
should be tracked, but subsequent studies 
and exercises proved that a wheeled vehicle 
with high performance on roads and across 
country would be more suitable. To Alvis, 
the answer was clearly a load-carrying develop- 
ment of their successful range comprising the 
Saladin armoured car, Saracen troop-carrier, 
and Salamander crash tender—all of which 
employ a six-wheel layout with eight years 
user experience behind it. 








Alvis built a prototype Stalwart, with a 
civilian cab and a simple drop-sided cargo 
area superstructure, which was turned over 
to the War Office. Extensive trials were 
carried out under extreme terrain con- 
ditions and the final report was most favour- 
able. 

From this prototype the Company has 
now evolved a basic production model for 


army use, which can be modified to suit a 
wide variety of other requirements. 

The Stalwart is a frameless vehicle with a 
boat-shaped waterproof hull mounted on six 
independently sprung wheels—all six being 
both driving and braking—with differential 
action between offside and nearside. 

The powerplant, a Rolls Royce B.81/80B 
of 220 b.h.p. is at the rear and the sealed 





The Stalwart undergoing water trials. The only preparation required before taking to the water, is the installation of the 


splash panel in front of the cab. 


A head-on view of the Stalwart. The disposition of the 
cab and load carrying platform above the boat-shaped 
hull can be seen from the photograph. 








cooling system employed includes a gilled 
tube radiator, belt-driven 17-inch aerofoil 
fans and circulation by centrifugal pump 
controlled by a bellows-type thermostat. 

For water propulsion and steering, two 
Saro/Gill propulsion units are fitted, one on 
each side of the hull; they are driven by a 
mechanical drive through a power take-off. 
The Stalwart can also be water steered on 
wheels alone. 

The independent suspension system is of 
the parallel link type providing 5 inches bump 
and 5 inches rebound, giving a total of 10 
inches vertical wheel travel. A torsion bar 
spring is fitted at each wheel station, with 
damping and absorption effected by hydraulic 
shock absorbers on all wheels. Suspension 
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British Industry 
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The vehicle demonstrates its cross country ability. The 
suspension enables vertical obstacles up to |'9” in height 
to be negotiated. 


The Stalwart running ashore on a beaching exercise. The 
vehicle is capable of swimming ashore after launching 
from the ramp of a landing craft. 


components and final drive assembly are 
interchangeable between wheel stations. 

The transmission has a multi-dryplate clutch 
and 5-speed synchromesh gearbox. A trans- 
fer box incorporates forward and reverse 
change and differential drive direct to each 
centre wheel hub through universally jointed 
shafts. Drive to front and rear wheel hubs is 
by transmission shafts and bevel boxes. Each 
wheel hub houses an epicyclic train which 
provides the final gear reduction to the 


The Saladin armoured car which employs the same six-wheel layout of chassis as the 


Stalwart. 
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Characteristics 


Crew 

Cargo area 
Payload 

Weight laden 
Power/weight ratio 
Fuel capacity 
Length 

Height 


Ground clearance 


Vision, commander 
and driver 


Communications 
Engine 
Transmission 


Brakes 


Gearbox ratios. 
Reverse in the transfer 
box giving 5 forward 
and 5 reverse speeds 


Suspension 
Air-portable weight 


Flotation: — 
— Shallow fording 
— Laden 


— Swimming 

from landing craft 
Max. road speed 
Range of action 





of Stalwart P.V.2. (Subject to alteration as the result of trials.) 


3 or2 + W/T equipment 
12’ 2” x 7° 104%,” 

5 tons 

13.3 tons 

16.5 b.h.p./Ton 

100 1.G. 

20’ 6” 

ed 


Sh 6” 
Direct 
Fully suppressed 


Rolls-Royce B80/81B 


Twin 12” clutch—synchromesh 
gearbox 


Caliper disc 


Gear ratio 
1.0 


Overall ratio 
11.666 


Torsion bars 
19,000 Ib 


Sealed hull (5’ approx.) 

By 2 Saro/Gill propulsion units, 
steerable. 

Yes 


54 m.p.h. (4,000 r.p.m.) 
450 miles 





Gross b.h.p. 


Commander's hatch removable for air stowage, 
reducing height to 7’ 9” 


Cab can be modified to meet various specifications. 


Any War Dept. set can be fitted. 
K60 can be fitted as replacements to B Series. 
Alvis anticipate that the following types of transmission 
will be available for Sta/wart: 
a) Fluid Coupling and Wilson gearbox. 
b) Twin plate clutch and 5-speed synchromesh. 
c) Allison automatic transmission (possibly). 
Installation of Girling totally-enclosed disc brakes is 
anticipated. 
Tests will also be carried out on the following: 

Gear ratio Overall ratio 
5 1.00 

1.54 
3 2.57 
2 4.17 
1 8.00 


With no preparation 
Tank test at Saunders Roe Marine gave estimated speed 
in excess of 5 knots. 








wheels. An Allison fully automatic gearbox 
is being installed for trials to be carried out 
later this year. 

Normal steering is hydraulically assisted 
to reduce crew fatigue and the hydraulic 
caliper disc brakes on all six wheels are 
operated from the footbrake which has air 
pressure boost on the driver’s pedal. Two 
transmission brakes work from the hand- 
brake, which is of the mechanical rachet type. 

On its trials, the Stalwart achieved a maxi- 
mum road speed of 54 m.p.h., surmounted a 
vertical obstacle of 1 ft 6 in, a gradient of 
25°, and a trench crossing of 5 ft 9 in. Initial 
water trials showed a water speed in excess 
of 5 knots. 


The Stalwart is air-portable and can be 
carried in such aircraft as the Armstrong 
Whitworth Argosy, Blackburn Beverley, Lock- 
heed Hercules, and Transall C-130. 

As part of future trials, Alvis plan to 
undertake an unusual exercise. A Stalwart 
will be loaded in England and driven with a 
crew of two to a point in Germany, crossing 
all land and water obstacles en route, in- 
cluding the English Channel. 

First water trials have recently been com- 
pleted, and the Stalwart has been ordered in 
pre-production quantity by the British Army. 
Interest is already being shown by air force 
and foreign army authorities, as well as by 
civilian organizations. >> 


The Saracen troop carrier is more lightly armed than the Saladin. Possessing a good 


cross-country performance, it is extremely suitable for reconnaissance units. 
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DISCOVERER SERIES Position gyros EXPLORER SERIES Over 20 General MIDAS General Precision has 
vom to aid vital satellite Precision components developed and is now 

recovery programs have have assisted in the producing control 

been developed and launching of these moment gyros to 

produced for this series satellites. stabilize MIDAS satellite 

by General Precision. with reference to earth 

when satellite is in orbit. 
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Thes major sytems interpreted here are testimonials to General Precision’s experience in 
space. The four divisions of General Precision, Inc., are represented by some system, subsystem or 
component on nearly every satellite,space vehicle, missile and rocket now in operation or development. 


All of the corporation’s facilities are consolidated for the systems management of major new 
space and weapons projects. Thus, the comprehensive General Precision capability is now at a new 
peak potential. As a result, a satellite or space vehicle program can draw upon services of more 
than 16,000 General Precision employees (including 4,500 scientists, engineers and technicians) 
and well over 2% million square feet of combined floor space. 


This combination of talents and facilities, backed by the corporate financial resources of 
General Precision, Inc., makes it possible to develop, produce and manage a space system from 
concept to application. 


GENERAL 
PRECISION 
AND 
SPACE 





CENTAUR A 32-lb. digital aaiadie VENUS STUDY A balloon-borne 
: with a displacement of optical astro-tracker 
less than 0.6 cubic foot 
has been developed and 
is now any | produced 
by General Precision 
for this space vehicle’s 
guidance system. 


developed and produced 
by General Precision 

is being used in a series 
of explorations to 
photograph Venus for 
the first time from 
outside the earth's 
atmosphere. 


13” by 184" reproductions of these 
original paintings, suitable for framing, 
are available on request. Please write 
on your company letterhead. 





TODAY'S DEMONSTRATED 
ACHIEVEMENTS SHAPE TOMORROW 


GPI 


KEARFOTT 
[ Bisi-s. 1 ee) a: 


LINK 


GENERAL PRECISION. INC. 


PRINCIPAL OPERATING SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 





Tarrytown, N.Y. 
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Highly Versatile in all Operational Areas — 





FOR SKYBOLT MISSILE CHECKOUT 












































MOBILE UNIT 








Now in quantity production at Bendix is the PC-300 
Checkout Sequence Programming Set (equivalent of 
the U.S.A.F. Type AN/GJQ-9). This universal 
programmer-comparator is designed for automatic GO, 
NO GO checkout of Skybolt, air-launched hypersonic 
ballistic missile built by Douglas Aircraft Company. 
Capable of making as many as 100,000 test evaluations, 
the PC-300 can also reduce checkout time to minutes 
on a wide range of other weapons systems—both 
manned and unmanned. Some PC-300 functions are: 
e Selection of stimuli control channels for application 


For full details on the PC-300, write: 


“Send , oe a DIVISION 


205 E. 42ND ST., NEW YORK 17, N. Y., U.S.A, 





FLIGHT LINE UNIT 














MOBILE UNIT WITH BOOM 





to system under test. « Regulation of program con- 
tinuation in accord with measurement and evaluation 
results, or holding program conditions, as directed by 
tape intelligence and selected operating mode. e Oper- 
ation of printed and visual read-out devices to indicate 
test data in accord with selected mode of operation. 

We have proven experience in engineering analysis of 
controls, aircraft, and missile systems; computer func- 
tions; and field service. Whether your support equip- 
ment needs are commercial or military—airborne or 
ground— you can count on Bendix for efficient answers. 





CABLE ADDRESS: ‘'BENDIXINT,”’ N. Y. 











fly 





TOKIO 


& JET FLIGHTS EACH WEEK ! 


JOINTLY OPERATED BY AIR FRANCE AND 
JAPAN AIR LINES 


2 set flights over the pole AIR FRANCE 


First jet over the Pole, Air France’s Boeing Intercontinental makes the flight from 
Paris to Tokyo in only 16 hours ! Take off Tuesdays and Thursdays at noon. On 
board, you’ll be beautifully served by both French and Japanese hostesses (in 
national costume) — charming symbol of agreementsbetween Air France and Japan 


Air Lines. 
@ set flights via South East Asia over 


Air France's fast Boeing Intercontinental jet gives you the chance to spend a few 
hours or a few days as you please, at its stop-overs in Istanbul, Tel Aviv, Teheran, 
Karachi, New Delhi, Bangkok, Saigon, Hong Kong and Manila. 

Flights to Australia, Tahiti, New Caledonia and the Polynesian Islands and even 
California, in cooperation with T.A.I. From Los Angeles, Air France jets fly you 
swiftly home to Europe via Montreal. Departures from Paris for South East Asia 

on Tuesdays, Thursdays, Fridays, Sundays. the 


First Class or Economy Class 


Be kind to your budget and fly Economy Class with special low rates — or be kind 
to yourself and fly First Class. Revel in the luxury, the Promenade Bar, the gastro- 
nomic menus. Relax in King-Size seats. 


by 








BOEING INTERCONTINENTAL AND CARAVELLE, PERFECTION IN JET TRAVEL ON THE WORLD’S LARGEST AIRLINE 


See your Travel Agent or Air France in London, Rome, Madrid, Frankfurt, Nice, Milan, Athens, Istanbul, Berlin, Bordeaux 
Brussels, Geneva, Hamburg, Moscow, Munich, Prague, Stockholm, Vienna, Zurich. In Paris: 119 Champs-Elysées - KLE. 61-61. 
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Regional control radar 
at BORDEAUX-MERIGNAC 


To ensure the rigorous control of civil aircraft over 
central and southern France (three-quarters of the 
country), the Service de la Navigation Aérienne 
has chosen Compagnie Francaise THOMSON- 
HOUSTON. 

The THOMSON-HOUSTON solution is at present 
the most advanced as regards the volume of airspace 
under control. 


Moreover, it offers a simple and entirely new solution 
to the difficult problem of ground echoes. 


Power for transmission is supplied by the classic 
ER 410/D transmitters built by Compagnie Générale 
de T.S.F. 


FRANCE, a vital link in the European air traffic chain, 
is thus in the forefront of progress in the important 
field of air traffic control. 





ei \ \ 
\ ail 


THOMSON HOUSTON 


\ ald 


TH. D. 1013 
light approach radar 


Rapid installation 
Simplified and reduced maintenance 
Air transportable 


Equipment manufactured under contract to SERVICE TECHNIQUE DES TELECOMMUNICATIONS DE L’AIR 


IN THE SERVICE OF CIVIL AVIATION 


COMPAGNIE FRANGAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE — 173, Bd HAUSSMANN, PARIS 8e — Tél. ELY. 83.70 








' 
E 


GROUND/AIR U.H. F. 
EQUIPMENT .TH.C. 9600 


3500 CHANNELS 


Simple and robust, the TH.C. 9600 equipment is designed for communications between 
air squadrons and ground bases, control towers or radar operations rooms. It is housed 
in standard cabinets, thus enabling it to be adapted to many roles simply by adding 
sections. This design, coupled with its technical excellence, has led to its adoption 
by the Air Ministry to equip French air bases, and quantity production for the French 
Army is under way. 

The equipment works in the 225-399.9 Mc/s frequency range on 3,500 channels spaced 
at intervals of 50 Kc/s. Any one of these frequencies can be selected without difficulty. 
COMPAGNIE FRANCAISE THOMSON-HOUSTON manufactures a similar 1,750- 
channel equipment operating in the same range. 











THOMSON CFTH HOUSTON 








COMPAGNIE FRANCAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE — 173, Bd HAUSSMANN, PARIS 8e 








Smiths 
are in 
the picture 





This is a mock-up of the Bea de Havilland Trident 
cockpit. Smiths equipment has been specified to pro- 
vide automatic flare control when the aircraft enters 
service. Smiths s.z.p. 5 automatic pilot (the pilot’s 
controller isin the bottom centre of the picture) oper- 
ates on the Muitiplex principle and will, ultimately, 
providefullautomaticlanding facilities tocivil safety 
standards. Smiths Para Visual Director (P.v.pD.), a 
revolutionary flight director display, can be seen 
around the panel coamings. In the Trident Smiths 
P.V.D. Will operate in conjunction with the new Smiths 
integrated Flight System, specifically designedincon- 
junction with BEa to fit the Trident’s operational role. 

Over 40 Smiths instruments are in the Trident 
cockpit and Smiths supply, in all, no fewer than 215 
individual items of equipment including the Fuel 
Contents System. 

To both aircraft constructors and operators Smiths 
—a name with a world of meaning—means an organi- 
sation with first class research, design and engineer- 
ing facilities. One name to solve all your instrument 
problems; navigation, engine, fuel measurement and 
flight control... when it comes to instrumentation, 
let Smiths put you in the picture. 


CMT PI erars ono 





T'he Smiths Para Visual Director (P.v.D.) 
Display Unit—an entirely new concept 
in flight director display. 

In the BEa Trident, three units 

are sited about each pilot. The centre unit 
indicates bank demands while the side units 
provide pitch director information. 

The ..vV.D. may be used as a conventional flight 
director instrument, coupled to localiser and 
glide path for use in low minima weather 
conditions and as an effective visual 
monitor of the autoptiot. 


The Aviation Division of 

Ss. Smith & Sons (England) Ltd. 
Smiths, Kelvin Hughes and Waymouth 
aviation instruments and systems. 

K.L.G. aviation products. 


KELVIN HOUSE, WEMBLEY PARK DRIVE, WEMBLEY, MIDDLESEX, ENGLAND 
Telephone: WEMBLEY 8888. Telegrams: AIRSPEED, WEMBLEY. Telex: 25366 
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Outside the existing network of major air 
routes with the long runways required by 
conventional airliners, the BREGUET 941 
is in its element ; designed to operate from 
small, unprepared landing grounds, it can 
carry, at a speed of 250 m.p.h., not only 
40 comfortably seated passengers but also 
an impressive volume of freight (as much as 
5 tons on 1,000-mile stage lengths). The 
BREGUET 941 will bring air transport to 
areas hitherto inaccessible owing to the 
absence or inadequacy of landing grounds, 
thus giving airlines almost unlimited scope 

for their activities. 


CHASSARD, 








BREGUET 941 @€ 
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Wings of Sport Friendship 


TRAINER MASTER 


Z326 -— successor to the famous 
Trainer Z 226 - winner of. the 
Lockheed Trophy in 1957 and 1958 -— 


is an ideal aircraft for any flying school. It is fully aerobatic at maximum 
all-up weight. The instructor can demonstrate all inverted flight maneuvres 
to his pupil in the air instead of relying on theoretical explanations as 
hitherto. Walter Minor 6-111 engine, electrically retractable undercarriage, 
detachable wing-tip tanks for long range. 
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Foreign Trade Corporation 


Washingtonova 11, Praha 3, Czechoslovakia 














AIRBORNE DOPPLER 


First aloft and. still ahead 


CMC airborne Doppler 


sensors provide Folelele-hccmar-huler-helelar-l mianielanntces 


reliable 
ulon irrespective of time, terrain or weather. orlaatcte 
of 
CMA-620 series continues to 
Of a// Doppler 


greater proportion 


uses the CANADIAN MARCONI COMPANY system 


—}- rT =a 


wholly within the. aircraft:..entirely independent 


ground-based aids. 
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equipped international jets, by far the 
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CANADIAN MARCONI COMPANY Commercial Products Division 
2442 Trenton Avenue, Montreal 16, Canada 
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GENEVE 


aéroport intercontinenta 















for 


AvViatiom civité | | | 


waviGation 


CONTROLE REGIONAL NORD ET TELECOMMUNICATIONS 


Compagnie générale 


Limited Company. Capital 40,608,900 New Francs Head Office: 79, Bd HAUSSMANN PARIS 8 - 





CSF r 


Curae OL 


Ateteune 


CSF long-range radars, which have already been chosen to equip Area Control Centres in 
France (Orly, Aix-en-Provence, Bordeaux and Lyons), Indonesia (Surabaya) and the 
Union of South Africa (Capetown), have now been selected by the Australian Government 
for Sydney and Adelaide. 


These radars fully comply with ICAO specifications defining the new radar coverage which 
has become indispensable since the placing in service of jet airliners. The CSF systems 
consist of two 2 megawatt transmitter-receivers working in diversity, which are fitted 
with highly effective devices for eliminating static targets and atmospheric clutter and 
ensure an exceptional reliability of detection at ranges of up to 300 miles. 

Similar radars, but with different range characteristics for the surveillance of more restricted 
areas, are also supplied by CSF for the coverage of airport approach zones (Orly, Le Bour- 
get, etc.). 
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FOR’ THE 
VICKERS 
Se Sa 


NORMALAIR. LIQUID OXYGEN EQUIPMENT 


The NORMALAIR, 35-litre liquid oxygen converter, featuring the 
exclusive NORMALAIR crewreserve system, is the choice for the Vickers 
VC. 10, the world’s first civil airliner to have a liquid oxygen system. 
One of a range of NORMALAIR converters, with liquid capacities 
from 1o litres upwards, it is the only wholly British designed and 


manufactured unit of its size available. 


The crew reserve system automatically ensures an adequate crew 
supply at all times, irrespective of passenger demand, and enables both 
passenger and crew supplies to be drawn from one converter, with 


consequent savings on weight, space, maintenance costs and spares 
> S , > 





provisioning. 


NORMALAIR 35-litre liquid oxygen converter 
Weight (fully charged) 137% Ib. 
Max. diameter 18 in. 
Height 19 in. pressure during flight, and greatly reduced evaporation losses due to 


Other features of the converter are an extremely stable delivery 
heat transfer. 


ORMALALRE 
|| { y /] A J J 
< 3 4 YEOVIL SOMERSET ENGLAND 


Europe’s largest and most experienced producers of aircraft cabin air conditioning systems and components 


NORMALAIR (CANADA) LTD., TORONTO NORMALAIR (AUSTRALIA) PTY. LTD., ESSENDON, VICTORIA 
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DEFENCE 


Bloodhound, the guided missile for ground-to- 
air constructed by Bristol and Ferranti, has been 
ordered in large numbers by the Swedish Air 
Force. Our illustration (bottom right) shows the 
Mark | version on its launching device, as well 
as the control equipment, set up ‘“‘somewhere”’ in 
Sweden. The most recent order is for the 
improved Mark 2 version, this being, according 
to Bristol Aircraft Ltd., the largest export order 
to date for this weapons system. Following 
Sweden’s example, the Swiss Federal Council also 
recommended to the Federal Assembly in mid- 
July the provision of the British Bloodhound Mk. 2 
ground/air guided missiles involving expenditure 
estimated at 300 million Swiss francs. Moreover, 
to strengthen Swiss anti-aircraft defences, addi- 
tional medium-calibre anti-aircraft batteries with 
electronic fire-control are to be procured, the 
cost of which may amount to 150 million francs. 
As regards the gun itself, the choice lies between 
the 35-mm QOerlikon twin-barrelled gun and the 
30-mm Hispano-Suiza four-barrelled gun—the 
decision has still to be taken. The fire-control 
equipment will be the Contraves AG (Ziirich) 
Super-Fledermaus. 

The first development phase of the German Air 
Force should be largely completed at the turn of 
the year. The Air Force will by then have 5 fighter- 
bomber wings, 3 reconnaissance wings, 4 fighter 
wings, 2 transport wings, 4 missile battalions and 
8 anti-aircraft battalions plus, of course, various 
supply and depot units. At this point, there will 
also be one fighter bomber squadron in process 
of re-equipment. To this must be added one 
further reconnaissance squadron and one further 
transport squadron, which are being established. 
Of the existing units, four fighter-bomber wings, 
one reconnaissance wing, one fighter wing and 
One transport wing are already under the 
command of NATO. Further units will be 
seconded to NATO as soon as they are sufficiently 
operational. The second phase build-up of the Air 
Force will last until 1965/66; during this period, 
particular emphasis will be placed on the strength- 
ening of fighter-bomber and transport units. In 
addition, missile units with both ground-to-ground 
and ground-to-air weapons will be formed. 
Parallel to these projects, the F-84s will then be 
replaced by F-104Gs. The total cost of the pro- 
curement of aircraft and missiles for the Bundes- 
wehr during the second phase will be DM 9 to 10 
thousand million. A special event was the first 


What's in the Air? 





flight of the Fiat G.91 ground support aircraft 
built in Western Germany under Italian licence 
(see photo top right), which took place on the 
evening of July 20th at the Dornier-Werke trial 
airfield, Oberpfaffenhofen, near Munich. The 
flight lasted 36 minutes and, according to the test 
pilot’s report, went off smoothly. The aircraft, 
designated ED-101, was handed over to the Luft- 
waffe for testing at the end of August. 





The Fiat G.91 built in West Germany. 






Be ie Ney ee : 


The Austrian Air Force now has fifteen Saab 
29F fighter bombers purchased from Sweden. 
At the beginning of July, these aircraft arrived 
at Vienna-Schwechat Airport (picture on this 
page centre right) and now constitute the No. /. 
Fighter-Bomber Squadron, under the command 
of Major Rupert Thurner. The squadron, for the 
present based partly at Vienna-Schwechat and 
partly at Klagenfurt-Worthersee airports, is to 





Saab 29F fighters for Austria. 





Bloodhounds in Sweden. 
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Flight testing of the Douglas A4D-5 marine combat aircraft has just started at Edwards AFB, California. The A4D-S is, in fact, an improved version of the carrier-borne Skyhawk 


EAT AROSE TE BE EEF UIE LE LEDS BER 





(pictured left). Flight testing was also started on the new version (2NE) of the Chance Vought F8U Crusader all-weather carrier borne fighter. The F8U-2NE (pictured right) is 


carrying four Sidewinder air-to-air guided missiles. 





The Redhead-Roadrunner supersonic target drone, built 
by North American Aviation on behalf of the US Army. 
The drone takes off from a ramp. Located aft, on the 
underside of the drone, is a solid propellant booster 
(5,000 Ib thrust) for acceleration during takeoff. In- 
flight powerplant is a Marquardt ramjet engine. 









The design competition for a training and sports model, 
held by the WGL, the German Scientific Society for 
Aviation, resulted in a win for the SIAT 223 two-seat 
design, by Siebelwerke ATG (see picture below). This 
design can be regarded as a development of the SIAT 222 
sports and touring aircraft (above). 
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move to its planned base at the Linz-H6rsching 
airfield in the late autumn. The Austrian Air 
Force will use its Saab 29Fs as truly multi-purpose 
aircraft. 


INDUSTRY 

General Dynamics has delivered the first liquid 
oxygen/liquid hydrogen propelled carrier vehicle 
to the Cape Canaveral Missile Test Base. It is the 
105-ft high Atlas-Centaur carrier rocket, which 
has been installed on lau ch platform No. 36 
(below, right). General Dynamics/Astronautics 
built both the first stage, a modified AZ/as inter- 
continental rocket, and the second stage, a Cen- 
taur. Flight tests of the Atlas-Centaur will begin 
this year, and it will be used for interplanetary 
space research in 1962. 

Under a contract with the US Army Transpor- 
tation Research Command (TRECOM), Lock- 
heed Aircraft is developing a two-seater jet- 
powered VTOL research aircraft; this will be 
equipped with two Pratt & Whitney JT-12 turbo- 
jets, each developing about 3,000 lb thrust. This 
research aircraft, designated the Hummingbird, 
will have a 25.6-ft wingspan and an overall length 
of 32 ft. For vertical takeoff or landing, and 
hovering flight, the hot gas jets from both engines 
are led to an unspecified number of plenum 
chambers mounted aft on the fuselage, whence 
the blast is directed downward by deflectors to 
create lift. The upper and lower sides of the 
above-mentioned plenum chambers are provided 
with vents, corresponding with louvres in the skin, 
which can be closed during horizontal flight. In 
this case, the exhaust gases of both engines are 
expelled rearwards through conventional thrust 
nozzles. 

The $90 million appropriation for the Lockheed 
C-141 jet transport (SOR. 182) already approved 
by the US House of Representatives, is tempo- 
rarily pigeon-holed in the Senate, until the 
Kennedy Administration finalizes its reforms of 
American military policies. It is, however, anti- 
cipated that the various finance committees will 
report favorably on this proposed $90 million 
appropriation. In view of possible changes in 
research and development costs, however, the 
figure mentioned may be revised. According to 
information received from our Washington 
Correspondent, this revision is likely to be up- 
ward, owing to higher appropriations for research 
development. .Meanwhile, discussions with the 


US Federal Aviation Agency (FAA) are con- 
tinuing, in order to explore the possibility of 
using the Lockheed C-141 for commercial pur- 
poses in addition to troop transportation. It is 
understood that the Lockheed Aircraft Corpora- 
tion design very nearly meets US Air Force 
specifications already. The final design will 
undoubtedly depend not only on technical con- 
siderations, but also on military considerations 
related to changes in the political situation. 
Lockheed Aircraft Corporation representatives 
decline to discuss the current situation regarding 
sub-contracts. These will not be worked out 
before late summer or early autumn. 

The first French-built satellite is to be launched 
in 1964; a three-stage launch vehicle will be used, 
which will also be of wholly French construction. 
The first stage carrier rocket will have a liquid- 


First Atlas-Centaur at Cape Canaveral. 
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fuel motor, while the second and third stages will 
be solid-fuelled. Agency reports from the French 
capital suggest that, in all probability, the 
launchings will be carried out at the Hammaguir 
launch site in the Sahara. The launching of the 
first French satellite, whose weight will be about 
110 lb, will initiate a series of tests, which will 
involve quite a number of further small satellites 
to be placed in orbit around the earth. It is 
specified that these tests planned by France are 
to serve purely scientific purposes. In this con- 
nection, the family of high-altitude research 
rockets jointly developed by Sud-Aviation and the 
CNET have been mentioned, and their multi-stage 
vehicles are likely to be given consideration as 
satellite carriers. 

With its Flash Cutting system, the Société 
Aérazur of Issy-les-Moulineaux offers a new 
quick-opening device for emergency exits on air- 
craft. The system proposed by Aérazur requires 
no special structural stiffening of any kind, and 
uses neither bolts nor latches. Flash Cutting has 
one main component: a metal wire with a handle 
to be pulled in an emergency and capable of 
cutting through relatively thick skin plates with 
a pull of only 22 Ib. The Flash Cutting device can 
be installed without weakening the fuselage 
structure in its vicinity, and it is suitable for 
emergency exits, astrodomes, etc. It will also cut 
through light-metal plates 0.08 in thick at the 
rate of over three feet per second. The length of 
a single cutting wire should not however exceed 
about three feet, so that larger apertures involve 
several individual wires. 

Dassault intends to start soon on the construc- 
tion of a small series of two-seat Mirage III B’s 
for pilot training. Like the single-seat version, the 
Mirage IIIB will be equipped with the ATAR 9C. 
A mock-up of this two-seater has been built at 
the Dassault Works, Bordeaux, to allow study of 
the most advantageous layout for the various 
items of built-in equipment. 

The Hispano-Suiza model SEPR 841 rocket 
motor, of which about 150 units have already 
been manufactured under a contract with the 
Armée de Il’Air, will now be replaced by the 
SEPR 844 model. The 844 (intended as an 
auxiliary engine for the Mirage III) has a thrust 
of about 3,300 Ib. It uses nitric acid as the oxidizer, 
and JP 1 or JP4 as fuel. The overall length of the 
844 motor is 10.73 ft, and its maximum height 
is 25 in. One of the characteristics of the 844motor 
is that its fuel pumps are powered by the aircraft’s 
main jet turbine; the main shaft revolves at 
5,080 r.p.m. The fuel pumps are started through 
a pneumatic clutch. Technical data available 
on the SEPR 844 are: maximum thrust at ground 
level 3,370 Ib; max. thrust at 53,000 ft 3,700 Ib; 
specific fuel consumption at full thrust and ground 
level is 10.8 Ib/long ton/sec, and at 52,800 ft 
9.8 lb/long ton/sec. Dry weight of the motor is 
198 lb; weight of the complete unit ready to fly 
(motor, tanks, and compressed air systems for 
oxidizer feed, auxiliary equipment, etc.) is 500 Ib. 


AIR TRAFFIC 

During the period under review, the accent was 
undoubtedly on air traffic negotiations. In mid- 
July, after months of negotiation, the Dutch 
delegation returned once again from Washington 
without landing rights for KLM Royal Dutch Air- 
lines. The negotiations broke off without any 
date being fixed for resumption. Alitalia appears 
to be more fortunate; as reported from Rome 
at the end of July, the Italian flag-carrier can 
count on flying the Rome—Milan—Montreal—Los 
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United Air Lines 18,000-mile network 
now serves 116 US cities. 


Angeles route beginning with the winter 1961/62 
timetable. At time of going to press, nothing is 
known about the state of the American-Soviet 
air traffic negotiations, which started on July 
18th. Closely connected with these negotiations, 
however, was an agreement between the Swedish 
Foreign Office and the competent Soviet authori- 
ties to commence formal Swedish-Russian air 
traffic negotiations in Stockholm on August 21st. 
Then there was the successful outcome to dis- 
cussions concerning the extension of political 
relations in the field of air traffic, which took 
place at the end of July between representatives 
of the Federal Air Office, Swissair, and the 
Japanese authorities. As a result, Swissair can 
now extend its third Far-East route, which 
formerly terminated at Hong Kong, as far as 
Tokio. Other negotiations of interest were those 
between Canada and America on the local frontier 
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traffic question. Since nearly all Canadian cities 
are situated near the American frontier, the US 
airlines are favoured in being able to rely on a 
much larger source of traffic to these cities. On 
the other hand, the Canadian services usually 
terminate in the American cities near the frontier, 
and passengers use American airlines for the 
continuation of their journey. There was, more- 
over, great indignation in Canadian airline 
circles over the recommendation by the CAB 
that National Airlines and United Air Lines (which 
became one of the largest American domestic 
operators by virtue of amalgamation with 
Capital Airlines —cf. air-route diagram top right) 
should link leading cities in the Washington- 
Philadelphia area with Toronto, via Buffalo 
(frontier). Since the negotiating parties were 
unable to reach agreement, the discussions have 
been deferred until this autumn. + 
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The French Potez 840 feeder aircraft. Series production at the rate of 100 per year is planned to start in 1963. 







INTERAVIA 9/1961 1251 


BETHLEMEM CASTON 


NORFOLK PORTSMOUTH 
















Shots into Space 

The last few weeks have witnessed brisk activity 
at the American Atlantic and Pacific rocket 
launching sites. There were first the two success- 
ful launchings, following upon one failure, in the 
Discoverer series: on June 8th, 1961,Discoverer24 
atop a Thor-Agena B launched from Vandenberg 
AFB, failed to orbit the earth as planned, appar- 
ently due to a malfunction in the second stage 
carrier-rocket. However, on June 16th, Discoverer 
25 went into orbit, with a perigee of 140 miles 


This solid-propellant rocket motor by the United Techno- 
logy Corporation offers extremely high performance, and 
uses a propellant developed by UTC. Its plastic casing by 
the Brunswick Corporation significantly reduces its 
weight, resulting in a mass ratio of 0.94. This motor, 
which is also suitable for the upper stages of carrier 
rockets, is 7 ft long and its diameter is 18 inches; it 
provides a thrust of 600 lb for over half a minute. The 
propellant load weighs 850 Ib. 






















and an apogee of 250 miles. This 2,100-lb satellite 
has a 91-minute orbital period. Its 300-lb instru- 
ment capsule was ejected as planned, and was 
recovered in the Pacific near Hawaii. On July 7th, 
Discoverer 26 was successfully launched (perigee 
147 miles, apogee 506 miles, orbital period 95 
minutes) and, after 32 orbits, its capsule was 
ejected; during the last stage of descent by para- 
chute, it was retrieved in mid-air by a Fairchild 
C-119. Among other items carried aloft was an 
assortment of test samples of lead, iron, magne- 
sium, nickel, silicon, uranium, bismuth, and 
yttrium. On the other hand, the attempt on July 
2Ist to place Discoverer 27 in orbit proved a 
failure owing to a booster rocket malfunction 
shortly after launch, which necessitated its 
remote-controlled destruction. 


On June 29th, at Cape Canaveral, the US Navy 
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Rockets, Missiles, 
and Space Vehicles 


succeeded in launching three satellites at one and 
the same time, with one Thor-Able-Star. These 
were the Transit 4A navigation satellite (diameter 
43 in, weight 175 Ib), the Jnjun for cosmic radiation 
measurement and investigation of auroral phe- 
nomena (diameter 16 in, weight 40 Ib), and the 
Greb 3. designed to measure the variation and 
intensity of X-ray radiation (diameter 20 in, 
weight 55 lb). They are orbiting the earth in 104 
minutes in a nearly circular path at an average 
altitude of 575 miles. Unfortunately, Injun, and 
Greb 3 did not separate from each other, and will 
therefore not be able completely to fulfil their 
assigned tasks; Transit 4A is, however, function- 
ing as planned. Moreover, this is the first satellite 
or space vehicle of any kind to carry a nuclear 
power source in addition to chemical batteries 
and solar cells. This generator will supply power 
to various instruments and to two of the four 
transmitters in the satellite, for a theoretical 
duration of many years. 


The Thor-AbleStar launch vehicle weighed 
approximately 120,000 Ib at launch. The first- 
stage Thor developed a thrust of about 150,000 Ib, 
while the second-stage AbleStar had a thrust of 
approximately 7,900 lb. The overall height of the 
two-stage booster vehicle is just under 80 feet. 
It will be recalled that the Thor-AbleStar type of 
launch vehicle was used to place the following 
satellites in orbit: Transit ]-B on April 13th, 1960, 
Transit 2A and Greb J on June 22nd, 1960, 
Courier 1B on October 4th, 1960, and Transit 3B 
and Greb 2 on February 21st, 1961. 


An attempt to launch the next satellite, a new 
Explorer, into a 600-mile high orbit from Wallops 
Island, Virginia, was a failure. It is reported that 
the third stage of the Scout carrier vehicle did not 
fire. 
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The Transit 4A navigation satellite. The small white 
spherical object is a nuclear generator developed by the 
Martin Company. This auxiliary power source converts 
heat from the spontaneous decay of plutonium 238 
direct into electrical current. 


























Payload of the Thor-Able Star launched on June 29th, 
1961: Greb 3 (top), Jnjun (centre), and Transit 4A (below). 


Following the lead of Canada, France, and Israel, who have developed and built their own research rockets, Italy is 
intensifying its activities in this field. The SIAR 2 pictured here at the Rassegna Elettronica Nucleare, in Rome, is a high- 
altitude meteorological and biological research rocket. Some of the launchings will be carried out on behalf of the 


Aerospace Engineering School of Rome University (Scuola Ingegneria Aerospaziale Roma - 


SIAR). The first stage of 


the rocket is supplied by Contraves-Italiana, while Bombrini Parodi-Delfino has the contract for the second stage 
and a later third stage. According to information received to date, the first stage reaches a height of almost 10 miles, 


while the second stage attains about 125 miles. 















Also, a launching at Point Arguello, Cali- 
fornia, on July 10th, of a Midas 3 reconnaissance 
satellite (“‘spy-in-the-sky”) ended unsuccessfully. 
Although the first stage of the Atlas-Agena B 
launch vehicle fired, it did not lift off the ground. 
Two days later, the Midas 3 was placed in its 
planned circular polar orbit. This satellite is 
equipped with infra-red sensing devices and 
weighs about 3.500 lb, including the second stage; 
it circles the earth in 160 minutes at an average 
height of 1,860 miles, and will theoretically con- 
tinue to do so for ever. 

Likewise, on July 12th, there was the successful 
launching at Cape Canaveral of the Tiros 3 
weather satellite. A three-stage Thor-Delta placed 
it in an orbit whose perigee is 461 miles and 
apogee 506 miles; its inclination is 47.8° and the 
orbital period is 100.4 minutes. The weight of 
Tiros 3 is given as 285 lb. Unlike its predecessors, 
this satellite is equipped with two wide-angle 
television cameras. In addition, the Tiros 3 also 
carries new infra-red detection gear. With the 
launching of this weather satellite, the Santiago, 
Chile, satellite tracking station commenced 
operations. 


Second Manned Mercury Flight 

The Aftlas-borne Mercury research capsule 
launched on September 9th, 1959 initiated a long 
series of experiments which led to the first 
American manned space flight on May Sth, 1961 
(see Interavia 6/1961, page 794). A_ second, 
similar launch with the designation MR-4 (Mer- 
cury-Redstone 4) was scheduled for July 18th, 
1961 by NASA. The capsule was to be manned 
by Air Force Captain Virgil Grissom, 35, with 
40-year old Colonel John Glenn, US Marines, 
acting as stand-by. 

However, due to unfavourable weather con- 
ditions, NASA was forced to postpone the launch- 
ing for 24 hours. Again on July 19th, the launch- 
ing was delayed due to the cloud cover over Cape 
Canaveral, at an altitude of 15,000 feet. For 
satisfactory visual observations of the launching 
phase of the flight, the required minimum altitude 
of the cloud cover is about 35,000 feet. Grissom 
spent nearly three and a half hours cramped in 
the capsule, as the launching was cancelled only 
ten minutes before the end of the count-down. 
As the liquid oxygen tanks of the Redstone had to 
be emptied and cleaned, the launching was sche- 
duled anew for Friday morning, July 21st. 

After a thorough preparation and complete 
check-out, the Redstone lifted off its Cape Cana- 
veral platform at 12: 22 GMT on July 2ist. The 
capsule successfully separated from the booster 
and Grissom took manual control as planned, 







































Test version of the Atlas F intercontinental ballistic mis- 
sile. With the same overall dimensions (80 ft high) as the 
actual missile, and of the same weight when filled with 
28,000 US gallons of water, it is being used at Vanden- 
berg Air Force Base in California to test ground support 
installations, such as the launch platform elevator in the 
underground silos. The Water Bird, as it is called, 
will also be used for the training of missile launch crews. 


and fired the retro-rockets. During his re-entry 
into the atmosphere, he registered a deceleration 
of 10 g. Both parachutes opened successfully, and 
Grissom made radio contact with the aircraft 
carrier Randolph. The Liberty Bell 7 hit the 
water at 12:37 GMT, and shortly thereafter 
Grissom was lifted aboard the aircraft carrier by 
helicopter, but the capsule could not be retrieved. 
It had shipped water through the open emergency 
escape hatch and was too heavy for the helicopter 
to lift out of the water; after a short tow, which 
resulted in over-heating of the helicopter engine, 
the capsule was released and sank three miles to 
the ocean bottom. 

The following data have so far been made 
public concerning this second ballistic flight: 
maximum height 118 miles; maximum speed 
5,310 m.p.h.; distance covered 305 miles, i.e. 
barely 6 miles further than intended. 


This close-up view of an Aerojet-General Corporation solid-propellant rocket motor shows the two individual segments, 
which are easily identified. On the test-stand, this 65-inch diameter motor developed a maximum thrust of 160,000 Ib. 





















The MR-4 experiment was practically a repeti- 
tion of Shepard’s flight. Grissom’s capsule dif- 
fered, however, from the Freedom 7 in the follow- 
ing details: instead of two round 6-in diameter 
observation portholes, it had a _ trapezoidal 
window, 19 in high, 11 in wide at the base, and 
7.5 in wide at the top. It also had improved con- 
trols (Rate Stabilization and Control System = 
RSCS), which converted the astronaut’s manual 
movements into electrical signals; these in turn 
actuated the solenoid valves on the stabilization 
and attitude control nozzles. Instead of a me- 
chanically-operated emergency escape hatch, the 
Liberty Bell 7 had a hatch fitted with explosive 
bolts, so that it could be blown off in a fraction 
of a second. The instrument layout was also 
improved, and new microphones were built into 
the space traveller’s headset. In addition, the 
Liberty Bell 7 carried a new radar-reflective in- 
flatable dinghy, which was developed jointly by 
the NASA Langley Research Center and the 
Space Task Group, and is 45 percent lighter than 
the previous type provided. Finally, to reduce 
capsule vibration as it passes through the tran- 
sonic speed range during the early phase of flight, 
the transition mounting on top of the booster was 
modified (as a result of a successful trial launch 
with a Little Joe on March 18th, 1961). 


Model of the annular exhaust nozzle of a General Electric 
Company liquid-propellant rocket motor with a thrust of 
2,500,000 Ib. The propellant will consist of liquid hydro- 
gen and liquid oxygen. Under a NASA contract, General 
Electric recently tested a small experimental version of 
this motor, which developed a thrust of 50,000 Ib. 





The SEREB Agate Research Rocket 

As part of the experimental launching of French 
missiles at Hammaguir, SEREB has also tested 
the Agate research rocket. On the first attempt, 
the programmed maximum height of 40 miles was 
attained, and the 880-lb instrument payload was 
recovered undamaged. The Agate was powered 
by a solid propellant rocket motor developing 
4,400 Ib thrust at liftoff. The scientific equipment 
and measuring devices carried aloft consisted, in 
part, of the following: two long-range data 
transmitters, a magnetic tape recorder, and an 
optical recording device. A reduction in the pay- 
load to about 132 lb would make it possible to 
reach a maximum height of about 120 miles. ++ 
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Todays Undercarriage 
Design Problems 


By A.A.J. Willitt, D.C.Ae., A.F.R.Ae.S., Chief Engineer Dowty Rotol (Arle Court Div.). 


The increasing trend towards VTOL and 
STOL aircraft brings the undercarriage 
designer new problems of installation and 
performance. Of particular interest are the 
installation problems which arise from the 
use of a single lifting engine of the BS.53 
type. The Hawker P.1127 is the first jet lift 
VTOL fighter aircraft to fly and use this type 
of engine. A study of photographs of this 
aeroplane shows how the needs of the engine 
installation have been catered for by the 
undercarriage designer. 

The massive single engine in the centre 
fuselage excludes the undercarriage from this 
stowage region. The efflux pattern of the four 
vertical lifting jets limits the choice of under- 
carriage positions, to avoid interference with 
the jets, and to minimize heating of the land- 
ing gear tyres by the hot jets. In general, air- 
craft with lifting engines are either wingless 
or have wings of very small area designed for 


high speed flight which will, as in the case of 
the P.1127, make wing stowage of the prin- 
ciple undercarriage members out of , the 
question. The diagram shows the plan form 
relationship of the four undercarriage mem- 
bers and the four jets of the P.1127. A single 
twin-wheel main undercarriage is located in 
the rear fuselage close behind the engine, in 
the neutral plane between the two hot jets. 
The nose undercarriage is conventionally 
located in the forward fuselage but, because 
the engine places the main undercarriage a 
substantial distance behind the centre of 
gravity, it carries some 25 percent of the air- 
craft weight. To give lateral stability, light 
auxiliary undercarriages are provided at the 
wing tips and are faired into the wingtips 
when retracted. 

This bicycle undercarriage layout is not in 
itself new, though it has been used opera- 
tionally on only three modern aircraft of the 


Details of the unconventional undercarriage designed by Dowty for the Hawker P.1127 VTOL fighter can be seen in this 
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photo. The tandem main unit is situated behind the engine and two light outriggers support the wing tips. 
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Western world. These previous examples 
were different in that the two fuselage under- 
carriages shared the static weight almost 
equally, whereas in the P.1127 only 25 per- 
cent of the weight is carried on the forward 
undercarriage. With a 50/50 weight distri- 
bution the touch-down attitude of the aircraft 
has proved critical, in that a hard touch-down 
on the rear undercarriage pitches the aircraft 
forwards, and slams the front undercarriage 
downata higher velocity thancan be economic- 
ally designed for, and a heavy touch-down 
on the leading undercarriage causes an un- 
stable porpoising of the aircraft which can 
only be controlled by flying off again. The 
25 percent-75 percent distribution allows the 
P.1127 to land with the same wide tolerance 
of attitude as is experienced with conventional 
undercarriage layouts. 


Nose Undercarriage Steering 

For all types of aircraft, nosewheel steering 
has assumed an increased importance, to 
bridge the control gap at speeds below which 
the flight controls are effective. Improved 
directional control below flying speed is 
essential to meet new operational require- 
ments of cross wind landings, particularly 
when using a braking parachute. 

Usually nose undercarriage steering, dif- 
ferential wheel brakes, and possibly differ- 
ential engine control, are available to the 
pilot but, with tandem undercarriages and a 
single engine, the Hawker P.1127 has only 
nose undercarriage steering for directional 
control at speeds below rudder effectiveness, 
and hence nosewheel steering assumes a new 
importance. New standards of accuracy of 
directional control have been achieved and 
an extremely high standard of reliability is 
essential. The 25 percent weight distribution 
on the nose undercarriage ensures sufficient 
nosewheel tyre traction on wet surfaces. 


Stability During Lift-Off 

During a vertical lift-off, when the aircraft 
is in transition from standing on the landing 
gear to being airborne, it is important that 
the aircraft has a very high roll stiffness at all 
stages, otherwise inclination of the jet to- 
gether with the moment due to the lateral 
C.G. shift can easily demand lateral hovering 
control system forces which are much larger 
than those required for full free flight. If such 
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forces are not available to level up the air- 
craft, it will track off sideways until airborne, 
a fault which can be observed from the cine 
records of experimental VTOL types, parti- 
cularly during cautious early lift offs. 


Undercarriage Weight 

With all aircraft, minimum undercarriage 
weight is of considerable importance. In the 
case of vertical takeoff aircraft, it is of 
supreme importance in view of the small 
payload margin which present engines permit. 
To achieve this weight reduction, the under- 
carriage designer is using new materials; 
ultra high tensile steel (270,000 p.s.i. ult.) 
and titanium (170,000 p.s.i. ult.) together 
with even more sophisticated structures and 
mechanisms to minimise weight. His attention 
is also being directed to design requirements 
for undercarriages which have grown up 
around conventional installations, and which 
do not necessarily apply directly to un- 
conventional aeroplanes and undercarriages. 


Vertical Velocity Requirements 

Aircraft undercarriages are primarily de- 
signed to meet vertical velocity requirements 
which have been established over many years, 
and, for most conventional forward landing, 
aircraft have been stabilised at around ten to 
eleven feet per second. This requirement, 
coupled with well established design rules, 
produces undercarriages having an acceptably 
low failure rate. 

The design velocity has been derived from 
the vertical velocity due to the slope of the 
approach path, plus an additional velocity 
component due to the pilot’s deviation about 
the mean approach path. Statistics show that 
this assumed velocity is rarely used, thanks 
to the pilot’s ability and natural instinct to 
flare out the approach path just before 
impact. By so doing, he achieves impact 
velocities in the order of 2—4 feet per second 
under normal visibility conditions and 5—7 
feet per second under bad visibility. We have 
therefore, in the 11 feet per second require- 
ment, a hidden factor of strength which 
contributes towards an acceptable under- 
carriage fatigue life for airline use, despite 
the low strength factors used in design. 

For STOL landings, the aircraft is designed 
to have a very steep approach path which, 
even with lower forward speeds, seems to 
suggest a design vertical velocity for the 
undercarriage of 13—15 feet per second. 
Here, flare out is an undesirable wastage of 
the landing run, since wheel brakes or other 
devices cannot be used until the aircraft is 
on the ground. The ideal STOL technique 
is to fly the aircraft into the ground down a 
steep approach path, which is in many ways 
similar to a method with which we are al- 
ready very familiar, ie. landing on an air- 







The undercarriage disposition and jet pattern for four 
vertical jets. The two hot jets from the rear nozzles 
(H;H) and the two cool forward jets (C;C) are disposed 
about the aircraft’s centre of gravity. 


A diagram of the de-stabilizing moment due to weight 
and engine side thrust component. If the lateral hovering 
control forces in a VTOL aircraft are insufficient at lift- 
off, it will tend to track sideways with a resulting sideload 
on the undercarriage. The following abbreviations are 
used in the diagram: RC - roll centre; CG — centre of 
gravity; L — lift vector; T — thrust vector; W — weight 
vector. 


A comparison of the undercarriage vertical velocity 
requirements for a conventional and a short field landing. 
In the short landing, owing to the absence of flare-out, 
the distance V is considerably reduced, resulting in an 
increase in the vertical velocity V,. The component V, 
represents the additional velocity resulting from the 
pilot’s deviation about the mean approach path. 





The suggested design cases for undercarriage operation 
from semi-prepared surfaces. A. A 3” step in the runway 
profile; B. A sine wave surface of 6” total amplitude and 
wave length not less than 120’. 
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craft carrier. Carrier borne aircraft are 
designed to be flown into the deck, at a 
predetermined spot indicated by the mirror 
glide path. 

Statistics show that average impact velo- 
cities are a high proportion of the design 
value, and it is to be expected that STOL 
aircraft will, on average, also use a substantial 
proportion of their design vertical velocity, 
hence the hidden factor which has contributed 
to a satisfactory fatigue life will disappear. 
This is not a very important problem for 
short-life military aircraft, but is of con- 
siderable importance for the commercial 
aircraft. 

In considering the requirements for aircraft 
landing vertically, we have as background 
experience the well-established helicopter. 
This in general is designed for lower vertical 
velocities than forward landing aircraft, 
because the pilot has the ability to check the 
descent at any stage. In fact, some smaller 
helicopters have only nominal undercarriages 
of steel tubes and without wheels. Limited 
experience with jet lift aircraft suggests that 
these also make contact with the ground at a 
very low velocity. 


Rough Ground Operation 

Military planners desire to link the STOL 
aeroplane with operation from semi-prepared 
airfields. These rough airfields are by their 
very nature difficult to define in a way that 
enables the undercarriage designer to give a 
quantitative statement as to the performance 
of the undercarriage. Existing undercarriages 
have in general been designed for operation 
from smooth runway surfaces, and even on 
these comparatively smooth surfaces, pilots 
and passengers are well aware of the harsh 
transmission of runway imperfections to the 
airframe. These undercarriages have been 
designed primarily as landing energy ab- 
sorption devices with little regard for taxying 
comfort. The movement of the oleo strut is 
heavily damped to be effective at closing 
velocities in the order of ten feet per second, 
but it is so heavily damped as to be unrespon- 
sive to input frequencies from the ground 
above a few cycles per second. Hence the 
tyre, which has little or no damping, and 
whose behaviour is independent of frequency, 
has to take care of all high frequency ground 
roughness. Over the years the progressive 
stiffening of tyres, as pressures have increased 
and the sectional depth decreased, has 
produced a correspondingly harsher ride on 
later aircraft. 

In the absence of any unified definition of 
running surface roughness, the following 
arbitrary standard is suggested for under- 
carriage design. Firstly, a step in the runway 
profile 3” high and secondly, but not to- 
gether, a sine wave surface of 6” total ampli- 
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tude and wave length not less than 120”. In 
both cases the disturbances to be considered 
at up to 15° to the direction of motion.” 
These suggested disturbances apply only to 
the landing run proper, since, by reducing 
speed appropriately the aircraft can negotiate 
a much rougher taxi-way. 

To meet such a requirement with a con- 
ventional undercarriage, requires tyres having 
a working stroke from the static position 
larger than the sharp edge disturbance, so 
that it can pass through the tyre without 
deflecting the oleo strut. The instantaneous 
reaction will be appropriate to the deflection, 
which, if all the available tyre stroke is used, 
will be in the order of 3g. It will be appreci- 
ated that the sinusoidal wave form needs a 
more elaborate analysis, and here the problem 
is that without help from the oleo strut, the 
mass of the aircraft mounted on the undamped 
tyre will, at some frequency, go into resonance 
and become out of phase with the input 
disturbance, thus causing the wheel hub to 
bottom on the wave crests. This situation is 


obviously greatly eased if the damping of the 
oleo strut is relaxed to allow the strut to 
respond to comparatively high frequencies 
and this can be done in two basic ways: either 
by allowing a proportion of the strut stroke 
to be only lightly damped as is the tyre, but 
this necessitates additional stroke length to 
achieve the required landing energy absorp- 
tion and reduces the efficiency of the under- 
carriage, or, alternatively, by making the strut 
damping controllable either automatically or 
manually for taxying conditions. 


It is envisaged that future commercial 
aeroplanes will have controllable damping 
characteristics of the undercarriages. This will 
optimise the ground ride of the aircraft to the 
benefit of the aircraft structure and the pas- 
senger comfort, and at the same time make 
the maintenance of the runway surface less 
critical. 


Soft Ground Operation 


Again, military planners talk of soft ground 
in the same breath as unprepared surfaces, 


The 100-ton drop test rig at the Cheltenham works of Dowty Ltd. This machine is capable of testing under- 
carriage units for aircraft of 400,000 lb AUW. The effect of wind or jet thrust can be simulated on the machine 
and it is equipped with wheel rotation gear to produce all the combinations of dynamic loading on a multi- 
wheel undercarriage. 
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and again without definition of the term soft 
ground. As the designers of military ground 
vehicles have discovered, soft ground can be 
so soft as to need tyre pressures as low as 
1 p.s.i. to prevent the vehicle becoming bogged 
down. Clearly, no practical aeroplane can be 
fitted with a wheel-like device which will 
reduce tyre pressures to the order of | p.s.i., 
not even by the fitting of caterpillar track- 
type arrangements. Tyre pressure is not by 
itself a true criterion, since, if the tyre pres- 
sure is greater than the ground surface will 
stand, the ground will yield and the tyre will 
sink until sufficient flotation area is achieved. 
Making use of this flotation characteristic of 
tyres enables the aircraft designer to use a 
higher tyre pressure than the nature of the 
ground would suggest but as will be appreci- 
ated, a slight reduction in ground support can 
cause the wheel to sink up to the axle. It is 
improbable that aircraft designers will be 
able to provide sufficient space or weight to 
achieve tyre pressures lower than 35 p.s.i. on 
transport aircraft, or 90 p.s.i. on attack air- 
craft. 


Automatic Brake Control 


With the emphasis on lighter undercarriage 
structures and the use of higher strength 
materials, attention must be given to under- 
carriage and airframe stiffness, particularly 
where automatic on/off brake control is 
fitted, or where the wheel brakes give a 
substantial torque fluctuation per revolution. 
The application of an alternating dragload 
which explores a wide frequency range can 
easily lead to resonance, or further, to 
coupling between a mode of the undercarriage 
and the operation of the automatic brake 
control system. If such coupling occurs, a 
large energy input from the ground to the 
undercarriage can take place, resulting in 
structural failure analogous to a wing flutter 
failure. 


Undercarriage Life 


The modern commercial aircraft is expected 
to have a ten year useful life and in this period 
fly some 30,000 hours. Long-range aircraft 
averaging two hours a flight will expect to 
make some 15,000 landings and take-offs 
without replacement of major undercarriage 
structure. Short-haul aircraft of the Fokker/ 
Fairchild Friendship type operate at as high 
as 214 landings per hour. At the moment a 
number of the Dowty equipped Friendships 
operating in the USA. have each exceeded 
13,000 landings in two years of operation. 

To achieve such a standard of structural 
integrity, it is obvious that the undercarriage 
designer must rely upon the design data 
obtained from the laboratory fatigue testing 
of complete undercarriages and detail auxilia- 
ries to attain this long life performance. ++ 





















Modern Aircraft 
Tire Development 


By L.S. Randall, Principal Engineer Aircraft Tire Development, 
The Goodyear Tire and Rubber Company, Akron, USA 


As announced in the June issue of Interavia, we 
are continuing the series on undercarriages, 
brakes and tyres with the following article written 
by a tyre manufacturer. Readers who have already 
had the opportunity to see a modern supersonic 
fighter scorch down the take-off runway at 220 
m.p.h., or to be present at the touchdown of a 
Boeing 707, will agree that the tyre problem is, 
in the truest sense, a burning one. Even the Good- 
year engineers might well find cause for conster- 
nation in the most recent specifications of the Air 
Force and the aircraft manufacturers. Being con- 
cerned with the development of aircraft tyres at 
Goodyear, the author appears particularly well- 
qualified to initiate us into the difficulties of his 





business. 


In earlier times, when aircraft ground speeds 
were hardly in excess of 160 m.p.h., tire design 
was more or less a routine matter. Problems 
requiring special attention, such as tread and car- 
cass separation and bead failures, seldom arose. 
The tire manufacturer’s principal preoccupation 
was to extend tread life and increase the number 
of times retreading could be undertaken—in 
other words, more a matter of improving the 
economics of tires than of eliminating premature 
failure. 


However, the ever-increasing speed of aircraft 
—both in the air and on the ground—brought 
the necessity of keeping the tire structurally 
intact during its entire expected tread life more 
and more into the foreground. 


The Problems 


The tire manufacturers were, and in a number 
of cases still are, faced with two main problems. 
First, the adhesion of the tread to the tire body. 
Second, the structural inadequacies of the tire 
body. These are difficult enough under normal 
temperatures, but are greatly magnified at ab- 
normally high ambient temperatures. 


The Factors 


To put the problems in perspective, the follow- 
ing Table J gives comparative data for a fighter 
aircraft tire and an automobile tire of the same 
overall dimensions. As clearly emerges, aircraft 
tires are assigned a much higher load rating than 
a ground vehicle one of the same size and rating. 


The Editors. 







Fig. 6 : Under certain conditions, at high circumferential speeds, standing 
waves appear. These produce strong flexural effects which lead to overheating 
and eventual failure of the tire. 








Table 1 
Tire Characteristics Aircraft — 
Ee ae ene ae 25x 6.75 6.50 x13 
Overall diameter (in) .... | 25.0 25.0 
Section width (in). ..... 6.50 6.50 
ES 69 eget oe 18 4 
i. eer 13,000 835 
EE, Go eee ae 300 24 
Deflection (%) ....... 32 17 
Max. speed (m.p.h.)  . . . . | 275 100 
Tire “efficiency” ...... 400 40 

(Ib load/Ib tire) 

















The ply rating ratio for the aircraft tire is thus 
414:1, the load rating ratio over 15:1, and the 
load factor (tire efficiency) 10:1. The higher load 
rating for the aircraft tire can however be achieved 
only by permitting it to deflect much more than 
that of the ground vehicle. In our table, deflec- 
tion of the former is some twice that of the latter 
and this ratio is often 2 14 to 3 at identical size. 
The higher rating is made possible by the fact 
that the aircraft tire is called upon to operate 
only intermittently. At its rated load and inflation, 
under automobile conditions of continuous 
running, it would quickly break down. 

Over the years, there has been an increase in 
the “continuousness” of operation, owing to 
longer taxiing distances, longer takeoff and longer 
landing rolls, without any relaxation in the basis 
for rating tires. 


Speed 


There are many factors which create modern 
development problems, but if we had to place 





one at the top of the list, it would probably be 
speed. Fig. / is representative of the increase in 
ground operating speeds over the years since 
World War II, as applicable to popular Air 
Force aircraft. The early jets had maximum 
ground speeds of 120 m.p.h. By 1953, these had 
increased to 200 m.p.h., and today there are 
requirements of 300 m.p.h. and more. 


Since the parts of a rolling tire are continuously 
changing direction, it is axiomatic that the forces 
which are necessary to change the direction of 
these parts depend upon the speed and are related 
to it exponentially. For example, doubling the 
speed will quadruple the stresses. 


Deflection 


The relatively high deflection, which is, as 
already mentioned, basic in the rating of aircraft 
tires, is a considerable handicap in the develop- 
ment of high performance tires. The forces 
created in a deflected, rolling pneumatic tire are 
many and complicated, particularly those acting 
on that portion passing through the ground 
contact area. 


For better understanding of the somewhat 
complicated phenomena which arise when an 
elastic tire is rolling through the contact area, we 
begin with the simplest case (Fig. 2) of a point (P) 
on a solid rolling wheel—a plain wheel, which 
does not deflect. As the wheel makes one revolu- 
tion from position 0 to position 2, point P 
traces the cycloidal path (LOCUS P), cusps being 
traced as point P on the periphery of this unde- 
flected wheel passes through ground contact. 


A rolling pneumatic tire, however, is not like 
this simple wheel, and can, in a sense, be com- 
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Ground speed, m.p.h. 
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1945 1950 


pared with a railroad car wheel rolling on a rail, 
which is depicted in Fig. 3. The inner circle— 
radius “L”—represents the rolling surface of the 
wheel and the outer circle—radius “R”—the 
flange of a wheel. Let us now consider a point 
“P” on the outer edge of the flange. In making 
one complete revolution from position 0 to posi- 
tion 3, point “P” (shown in position 0 at the 
bottom of the wheel) traces the path marked 
“LOCUS P.” Note that, unlike the ordinary 
rolling wheel, a loop is traced as the wheel 
passes through the ground contact. The entire 
path is known as a looped trochoid. 


Fig. 3 thus gives an analogy with a rolling 
elastic tire, “R” being the undeflected radius, 
and “L” the deflected or loaded radius as the 
tire goes through contact. We can now look at 
position 1 and imagine a point on the undeflected 
surface of the tread which has arrived at “A”, 
and is ready to enter the contact. If this point 
could do as it pleased, it would follow the loop 
ABC as the wheel moves the distance “D” from 
position 1 to position 2. However, it obviously 
cannot do this, and is forced to follow the straight 
line AC along the road surface. 


The forces that prevent this point on the tire 
periphery from describing its natural path and 
compel it to follow a straight line are proportion- 
al to the accelerations of the point on the loop of 
the trochoid. 


Offhand, it may be difficult to imagine this, 
but a point on the tread is slowed down from the 
point of entering the contact area to zero at the 
center of contact, and speeds up to take its place 
on the undeflected tire beyond contact. The 


Fig. 1 : Increase in operational 


POSITION 
ground speeds from 1945 to 0 


1960. LOCUS P 
rr S 


Fig. 2: A point P on the 
circumference of a plain rolling 
wheel describes a_ cycloid 
(locus P). X designates the 
plain rolling wheel. 





POSITION 
1 2 


POSITION 








as the deflection is increased, the trochoid loop 
becomes greater; in other words, the tread is 
compelled to depart further from its natural path, 
resulting in even greater stresses in the contact 
area. 


Further complicating factors affecting the force 
system in the contact area include the tread cur- 
vature, which causes points across the width of the 
tread to enter the contact at different times. Also, 
the carcass beneath the tread has still different 
radii of curvature. Thus, each of the various 
points across the tread and down through the 
carcass has its own peculiar acceleration through 
the contact. Furthermore, there is the action of 
ordinary centrifugal stresses. 




















Table 2 
; Force exerted on 
Speed (m.p.h.) G's 1 oz tread (Ib) 
| 

100 500 33 

200 2000 | 130 

300 4500 300 

400 | 8000 | 528 
Table 3 





Ambient Temp Time of Exposure 

















, ; 75°F 
accelerations, and hence the relative forces of a in - wn 
point in passing through the contact, are very high 350°F 10 minutes 
and even change direction. It can be seen that, 
POSITION POSITION POSITION POSITION Fig. 3: A point P on the rim 
0 1 2 3 of a flanged wheel (radius R) 


LOCUS P 








describes, in one revolution 
(from point 0 to point 3) a 
looped cycloid. X designates 
the flanged rolling wheel. 


Fig. 4: Reduction in tensile 
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strength of nylon cord with 
increasing temperature. 











The foregoing adds up to a multiplicity of shear, 
tensile and compression stresses and a general 
squirming in the contact area. These tend to 
separate the tread and ply components and also 
manifest themselves in heat which is, of course, 
an additional stress. Unfortunately, in all of this, 
speed has an exponential effect. 


Centrifugal Forces 


In addition to the stresses described in the 
preceding paragraph, the whole tire is, like any 
rotating body, subjected to the ordinary centri- 
fugal forces. Table 2 on this page shows the 
magnitude of these forces in G’s and the forces 
exerted on one ounce of tread for a tire of 30 in. 
diameter, at various speeds. It will be noted that 
these forces increase as the square of the speed. 


Coupled with the stresses incurred in passage 
through the contact area, these forces, particu- 
larly in the higher speed ranges, closely approach 
or exceed the safe limits of contemporary mate- 
rials and designs. 


Heat 


Heat is the arch-enemy of rubber. As the tem- 
perature of a tire rises, the stress and fatigue resis- 
tance of the rubber and fabric components 
diminishes. 


The sources of heat are (1) brakes, (2) heat 
generated by the flexing during roll, and (3) high 
wheel-well temperatures resulting from super- 
sonic airplane speeds. 

The degradation of the nylon used in today’s 
tires is typically shown in Fig. 4. At about 360°F, 
the nylon loses half its room temperature tensile 
strength. Above 400°F, the strength drops off 


Ultimate tensile strength — Ib/ cord 
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very rapidly until at about 480°F nylon becomes 
plastic and loses its strength completely. 


The higher temperatures not only degrade the 
materials, but also produce an increase in tire 
pressure and stress in the cords. Thus, the safety 
factor against cord failure is reduced even more 
rapidly than indicated by Fig. 4. A similar effect 
of temperature on the tensile strength of the 
rubber compounds available today is shown at 
Fig. 5. 


To a certain degree, rubber compounds are 
fairly good insulators and, for a limited time, 
they do afford some protection to the inner com- 
ponents of the tire against heat from an external 
source. In other words, for relatively short 
periods of time, tires can withstand higher levels 
of temperature and survive more than two or 
three landings. For example, based on some 
exploratory test work performed by the US Air 
Force on 26x 6.6 contemporary fighter tires, the 
limits of exposure time at different environmental 
temperatures found are shown in Table 3, the 
basis for the limit being the ability to make 10 
simulated landings without failing. 


Standing Waves 


With certain configurations, and under certain 
conditions of inflation, load, and speed, so-called 
“ standing waves ” will result. 


Fig. 6 shows this phenomenon, as observed on 
a 24x 7.7 size tire being tested in the laboratory 
at 250 m.p.h., and the extreme amplitude of the 
wave can be clearly seen. There are three or four 
such waves around the tire, which means that at 
a peripheral speed of 250 m.p.h., its tread is 
being flexed 12,000 to 16,000 times per minute. 
This naturally generates considerable heat and 
can result in premature and sudden failure. The 
standing wave condition is worse as the speed and 
deflection increase, and as the inflation pressure 
decreases. It is also worse for small diameter 
tires and those of relatively high cross-section. 


Inflation Pressures 


The extent to which inflation pressures have 
increased over the years is shown by the graph at 
Fig. 7, which is based on normal pressures for 
land-based aircraft. In the case of carrier-based 
aircraft, as used by the US Navy, the same tires 
require up to 60 percent over-inflation in order to 
prevent the wheel and tire damage to which severe 
impact loads, due to arrested landings, give rise. 


Generally speaking, the upward trend in 
pressure can be attributed to the fact that, 
whereas the weight of aircraft and tire loads 
have been constantly increasing, modern designs 
have kept down the space allowance for the 
wheels. 


Table 4 on this page compares the load and 
inflation requirement of a 30 x 7.7 tire in 1960 and 
1950. 


The effect of increased pressures on tire design is 
to require more plies and more bead wire. At the 
high pressures, this results in great bulk and, 
accordingly, in “ hotter” running. Furthermore, 
with the many and varying cord paths in a 
multiple ply tire, it becomes extremely difficult to 
maintain uniform stresses throughout. The effect 
of this is to localize stresses which, coupled with 
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Fig. 5: Tensile strength of rubber vs aging temperature 
(8-hour test duration) 


the added heat, can lead to ply separation and 
tire failure. 


Tubeless Tires 


The introduction of this type confronted the 
manufacturers with a number of problems, the 
most serious being the natural diffusion of air 
through the carcass. 


Air diffusion also occurs with tubes, but here 
the air can escape through the wheel or under the 
bead. In the case of tubeless tires, however, the 
air seeps through the carcass and results in an 
accumulation of pressure throughout the plies and 
other components, thereby increasing the ten- 
dency towards separation. 


Load and Distance 
Having so far mainly considered individual 


factors, such as speed and loading, we shall 
now touch briefly on some of the problems 



































300 290 
260 
200 
160 
120 
100 
1945 1950 1955 1960 
Year 
Fig. 7: Increase in fighter aircraft tire pressures. 
Table 4 
1950 1960 
. .... eZ ee 12 22 
SY 4. 0S ee ba Land Land Carrier 
Static load (Ib)... . 12,000 21,300 21,300 
Inflation (p.s.i.) . . . . 165 325 425 
Impact load (Ib) (no re- 100,000 
quire- 
ment) 
Index static load 100 % 178 % 178% 
Index inflation 100 % 197% 258 % 


























resulting from the joint action of several factors. 
The manner of loading has also changed un- 
favourably as far as tires are concerned. 


During a typical takeoff run, the increase in 
wing lift for the older model aircraft was such 
that the tire loads decreased to very low values at 
the point of takeoff. In the case of modern air- 
craft, however, these loads are relatively much 
higher at the point of takeoff. Typical of the 
commercial jets, tire loads at the takeoff point 
are approximately 60 percent of the static load. 
Certain other high performance aircraft take off 
with “ negative lift,” and thus exert tire loads at 
take-off which exceed even the static load. 


The roll distance during all ground operations, 
taxi, take-off, and landing, is of utmost signi- 
ficance. Due to their high deflection, aircraft 
tires heat up rapidly under prolonged rolling. In 
severe cases, this can result in rupture and blow- 
out, Whereas older airplanes taxied less than a 
mile and took off in less than a mile, modern air- 
craft may taxi as much as five miles to the take- 
off point and then require two miles to take off. 
Should it be necessary to reject a takeoff, then 
considerable additional rolling occurs without an 
opportunity for the tires to cool. 


Approaches to Solution of Problems 


As indicated early in this article, adequate 
adhesion of the various components is, or has 
been, a general problem with high performance 
tires. (We refer especially to nylon, since virtually 
all contemporary aircraft tires are constructed 
of such material). 


The approach to the adhesion problem is (1) 
to improve the adhesion values of the compo- 
nent materials themselves and/or (2) to reduce 
localized stresses by changes in design. 


Adhesion weaknesses may occur either at the 
surface of the individual tire cords, between the 
layers of the compound components, or within 
the compound itself. Thus, development emphasis 
is placed on both the “ dip ” (cement or adhesive) 
with which the cords are impregnated, and on the 
formulation of the rubber compound itself. This 
involves trying out innumerable combinations of 
elastomers, polymers, carbon blacks, curing 
agents, softeners, accelerators, and the other 
ingredients that go to make up rubber compounds 
and fabric adhesives. Emphasis is also placed on 
the cord itself; for example, changes in the surface 
finish of the cord have resulted in better adhesion. 


A considerable amount of screening of mate- 
rials is done by testing the materials themselves 
before evaluating them in a tire. It must be 
determined that changes which improve the 
adhesion characteristics of a compound or dip 
do not adversely affect its other properties such 
as fatigue resistance, tensile strength, elongation, 
and aging. 


Vulcanization is a factor in the adhesion 
qualities of the tire components, and explorations 
of numerous combinations of vulcanization time, 
temperature, pressures and heat distribution have 
resulted in improved adhesion and more resist- 
ance to separation. 


Among the design factors which have been 
found advantageous or necessary in overcoming 
adhesion inadequacies are the following. 
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@ Tread Thickness 


It is perhaps obvious that the thickness or mass 
of the tread is a factor in the ability of the tread to 
remain intact at high speeds. Centrifugal force, 
which tends to separate the tread from the carcass, 
is proportional to the tread mass or thickness. 
Thus the strength of the tread adhesion dictates 
thickness of the tread for a given tire size and 
rolling speed. 


@ Tread Reinforcement 


It has been found that adding reinforcement to 
the tread in the form of layers of cord fabric sub- 
stantially aids in keeping the tread intact. In fact, 
the advantage is sufficient to permit the use of 
treads thicker than would normally be safe 
without such reinforcement. For example, where- 
as a skid depth of .33” is considered maximum 
for safe operation with an all compound tread, a 
skid depth of .40” (20 percent increase) is possible 
if the tread is reinforced with fabric. The advan- 
tage of reinforcement is even greater with shall- 
ower skid tires. Variations in the amount, kind, 
and arrangement of the reinforcement are includ- 
ed in this aspect of development exploration. 


@ Tread Pattern 


Certain tread patterns have been found more 
beneficial than others from the standpoint of 
tread retention. For the most part, ribbed type 
patterns are utilized on aircraft tires primarily for 
uniformity of wear, and improved coefficient of 
friction, although this does not preclude the use 
of other patterns. The number and location of the 
tread ribs or grooves is significant, depending on 
the service conditions involved. Experimentation 
with tread patterns must include not only 
adhesion qualities, but also traction on wet run- 
ways, cut and wear resistance, chunking, and 
chipping resistance. 


@ Tire Shape 


Tire shape is a very important factor in over- 
coming problems of tread and carcass separation. 
“Aspect ratio” (i.e. the ratio of the tire section 
height to its section width) is a term used to 
describe or classify a tire’s shape. As operating 
speeds have increased, there has been a trend to 
tires of lower aspect ratio. Aspect ratio is governed 
by the ply angles (these are the angles the tire 
cords make with the circumferential center line). 
Lower cord angles result in a lower aspect ratio, 
and in tires which are more resistant to distortion 
at high speeds. For example, the high speed 
“standing wave,” described earlier in this article, 
can be eliminated by selecting a lower aspect 
ratio. Whereas for “ordinary” tires this ratio lies 
in the range of .80 to .90, for high performance 
tires the trend in configuration has been towards 
lower ratios, in some cases down to .65. There are 
however certain disadvantages to low aspect 
ratios, and therefore experimentation continues to 
find the optimum shape tire for a specific appli- 
cation. 
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@ Cord Design 


The cord is obviously a most important com- 
ponent in the make-up of a tire. It is important 
not only from the standpoint of its static strength, 
but also in regard to overall durability, including 
its effect on component-to-component adhesions 
which, as stated previously, are a major problem 
in qualifying high performance tires. There are 
many variations in cords and cord properties 
which the engineer must consider in connection 
with improved adhesion and the general design of 
a tire. Such cord variations and properties 
include: 


1. The basic fiber itself (this is commonly 
nylon, but there are different kinds of nylon). 
Research continues on various nylons and 
other new fabrics such as polyester, vinyl, 
HT-1, and polyolefin. 


2. Yarn size or weight. “Yarn” refers to the 
thread which is formed by assembling many 
fibers or filaments of the basic material. Its 
size or weight is expressed in grams per 
9,000 meters of yarn. A currently common 
nylon yarn is 840 denier (denier = 0.05 gram). 


3. Cord construction. This refers to the number 
of yarns and the manner in which they are 
combined to make the cord. Two or more 
yarns may be twisted together to form a cord. 
The construction and “twist” (turns per 
inch) of the single yarn and plied yarn are 
variables which affect the cord properties. 


4. Cord strength, i.e. load necessary to rupture 
cord. 


5. Elongation, i.e. increase in length when sub- 
jected to loading. 


6. Growth, i.e. permanent set in cord under 
operating load. 


7. Fatigue resistance, i.e. ability to withstand 
failure under repeated cycles of stressing. 


8. Adhesivity, i.e. affinity of the cord for the 
bonding material. 


9. Heat resistance, i.e. ability of the cord to 
retain its strength and fatigue resistance at 
elevated temperatures. 


The cord properties are further affected by the 
processing to which the raw cord is subjected. 
Processing consists of stretching the cord under 
certain conditions of time, temperature, and 
tension, and simultaneously dipping the cord in 
adhesive. The tire cord engineer uses variations of 
this processing in the development of better 
cords and fabrics. 


The spacing of the cords in the tire plies is also 
a factor which is investigated in connection with 
adhesion problems. Within limits, fewer cords per 
inch are beneficial from an adhesion standpoint, 
but of course this results in a reduction in ply 
strength which must be kept within safe limits. 


Other design factors that the tire engineer 
investigates where there are adhesion problems 
include :— 


1. The amount and kind of compound between 
the cords and between the plies. 


2. Actual number of plies. 


3. Use of auxiliary fabric reinforcements. 
4. Insulation of raw fabric edges. 
5. Arrangement and location of ply endings. 


6. Amount and distribution of bead wires and 
bead reinforcements (in cases of adhesion 
problems in the bead area). 


High Temperature Tires 


As indicated previously, there are limits of 
temperature which should not be exceeded when 
using contemporary tires. The temperature 
limits depend upon the time of exposure and 
other conditions, but are not especially high 
compared with the ambient values of 600° to 
800°F for several hours exposure which are 
expected with supersonic airplanes. While some 
improvement in the high temperature qualities of 
textile-constructed tires (nylon, HT-1, etc.) can 
probably be accomplished, it does not presently 
appear that such improvement will keep pace 
with foreseeable severe temperature requirements. 
To meet the latter, wire will probably have to be 
adopted as the basic carcass material, and deve- 
lopment work has been and is proceeding accord- 
ingly, with emphasis being given to wire-to-com- 
pound adhesion systems. At the same time, expe- 
rimentation continues to determine safe tempe- 
rature limits for textile tires. Should tires not be 
developed in time to meet the “natural” tem- 
perature requirements, it will then be necessary 
to provide cooling and/or suitable insulation to 
avoid exposure to unsafe temperature conditions. 


The solution of many of the problems encoun- 
tered with aircraft tires is seldom accomplished 
by one or even a few individuals. Solutions are 
arrived at as the result of cooperative team effort, 
both within the tire manufacturing organization 
and by the suppliers of the basic materials. 


At Goodyear, for example, there are (1) tire 
design engineers experimenting with more or 
less contemporary designs, (2) development com- 
pounders experimenting with conventional com- 
pounding materials, (3) a group of tire cord 
engineers who concentrate on improvement in the 
cord or fabric components, including cord ad- 
hesives, (4) tire design researchers, who investi- 
gate unconventional designs for tires, (5) pure re- 
searchers, who explore the unknown and uncon- 
ventional materials, and (6) process development 
engineers. Beyond this, vendors of the basic 
materials conduct research and contribute to 
improving the state of the art. 


In spite of the rapid advance in the development 
of aircraft, with the accompanying increase in the 
severity of tire requirements, many tire problems 
have been solved, and high performance airplanes 
are flying with little incidence of tire failures. 
With the many avenues of approach and with the 
know-how, experience, and ingenuity of cooper- 
ative engineering teams, we are confident that 
satisfactory solutions to current and future prob- 
lems will be found. — 
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The Cossor CRD 23 is an advanced display system for 
the PPI presentation of air traffic control information. 


Refinements can be added to the simple basic 


variously combined to cover a wide range of needs. 


The equipment is designed for simplicity of 
installation and for economy of such items as 


repeaters, amplifiers and cables. 


RADAR DISPLAY SYSTEM 


equipment at any time to suit particular installations 
and changing requirements. The small range of 
p supplementary units are in standard sizes and can be 


For full information about the many advantages of the CRD 23 system please write to:— 


COSSOR 


RADAR & ELECTRONICS LTD 


GSSd} THE PINNACLES, ELIZABETH WAY, HARLOW, ESSEX. ENGLAND. TEL: HARLOW 26862 
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New Boeing 727 jetliner to be powered by 3 
Pratt & Whitney Aircraft turbofan engines 


The engine is the JT8D Designed and manufactured by Pratt 
& Whitney Aircraft, it uses two features from their proven 
family of engines. The JT8D inherits the basic technology of 
the JT3 and JT4 turbojets with more than 15 million hours of 
reliability. And from the turbofan engines powering the long- 
range Boeing and Douglas jetliners, the JT8D inherits the 


design for its forward fan. The JT8D will power the new 727 

fleets ordered by Lufthansa, American Airlines, Eastern Air 

Lines and United Air Lines. Turning out 14,000 pounds of 

take-off thrust, with exceptionally low fuel consumption, the 

JT8D will help make it possible to operate from runways that 
used to be too short for modern jet travel. 





United Aircraft International 
East Hartford 8, Connecticut, U.S.A. 
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European Headquarters: 3/5 Warwick House Street, London S.W. 1, England 
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STC 


AIRBORNE V.H.F. 
COMMUNICATION 
& NAVIGATION 
EQUIPMENT 


For further details ask for Radio Leaflets 265, 266 and 267 
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Equipment Type STR.23 
Transmitter Type ST.23 

e Frequency band 118 - 135-95 Mc/s 
© 360 channels @ 50 kc/s spacing 

© R.F. power output 20 watts 


Receiver Type 8R.23 

© Frequency band 108 - 135-95 Mc/s 

@ 560 channels e 50 kc/s spacing 

© Control Unit available to cover the 
whole band or communication 
band only 





1...8./V.0.R. Receiver 
Equipment Type $R8.34/35 


V.O.R. and Localizer Receiver 
Type 8R.34 
Comprises an SR.23 Receiver and 
an Instrument Drive Unit 

e Frequency band 108-117-9 Mc/s 

@ 100 channels, 100 kc/s spacing or 
200 channels, 50 ke/s spacing 

®@ Control Unit available to cover the 
navigational band 108-117:9 Mc/s 
with 50 or 100 kc/s channel spacing 


modern miniaturization techniques 
are employed, including 
transistors and printed circuits 


The equipments can be used either 
separately or as a comprehensive 
communication/navigation system 


Illustrated is the BEA Vanguard 
which carries STC equipments: 
STR.23, SR.34/35/36, SA.10/11 














Glide Slope Receiver Type 8R.35 


© Frequency band 329-3 -335 Mc/s 
© 20 channels © 300 kc/s channel 


spacing 


© The selection of a Localizer chan- 


nel automatically provides the 
associated Glide Slope channel 


75 Mc/s Marker Receiver 
Type S8R.36 


e@ Aural and visual (3 lamp) 


indications 


e here for high and low 


sensitivity 


Among users of these Radio 
Systems are: 
British European Airways _ 
Corporation 
Aeronaves de Mexico S.A. 
Middle East Airlines S.A. 
Aeroflot Soviet State Airlines 
C.S.A. Czechoslovakian Airlines 
L.O.T. Polish Airlines 


These STC Radio Systems are 
used on: 


Comet 4B - Comet 4C > Vanguard 
Viscount * IL.14 + IL.18 
Convair 240¢1'U.104eArgosy 


Visit the STC Stands 


155 — 159 at the 
Farnborough Air Show 


associate 


Standard Telephones and Cables Limited 








61,5e 


Registered Office: Connaught House, Aldwych, London W.C.2 


RADIO DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE - LONDON N.I! 
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on W IGILANT........... 


VICKERS-ARMSTRONGS (AIRCRAFT) LTD WEYBRIDGE SURREY A Company of 


—_—=_m_raBRiTisH AIRCRAF 


ONE HUNDRED PALL MALL LONDON SW1 
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AND NOW- 
VIGILANT SCORES 
AGAIN 


On July 7th at Warminster, a large audience of Nato Military observers and 
press correspondents saw Vigilant: 


S 


LZ 


@ Score 12 hits in 13 shots 


@ Successfully engage moving tanks at ranges out to 
1350 yards 


@ Hit 4 oncoming tanks in 48 seconds, the attack being 
spread over a 40 degree arc 


On May 12th ‘somewhere in Europe’ other Military observers saw Vigilant: 
Score 11 hits out of 13 shots 
Hit ‘crossing’ tanks moving at 25 mph 
Hit a tank at less than 200 yards 


Hit tanks making snap appearances of 15 seconds 
and 20 seconds 


lethal and most accurate one-man anti-tank missile in the world 


CORPORATION 
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BLOODHOUND MARK Il STRENGTHENS SWEDEN'S DEFENCE 


BRISTOL/FERRANTI 


ordered Bloodhound Mark II for her second generation guided missile Oo a 
system—to put Swedish defence ahead of tomorrow's problems. 


Sweden, who chose Bloodhound Mark | for her defence, has now 


BRISTOL AIRCRAFT LTD FILTON HOUSE BRISTOL .A Company of 


BRITISH AIRCRAFT CORPORATION 











Complete ground training, pre-flight and flight maneuvers with the 


NEW “WHIRLYMITE” HELICOPTER SELF-TRAINER 


Del Mar offers a dynamic new system to train helicopter 
pilots: the Whirlymite Self-Trainer. It is not a simulator, but 
an operational helicopter mounted on a highly mobile, air- 
cushion platform. The unique mounting of the platform per- 
mits full freedom to rotate in azimuth, rise vertically and tilt 
in all directions. Thus, the trainee practices all “in-flight” 
maneuvers without ever going more than inches off the 
ground...with the complete security of the no-tilt, air- 
cushion platform beneath him. Because it allows free move- 
ment across the ground, without friction, the air-cushion 
platform makes this system the first ground trainer capable 
of attaining transitional lift speeds in forward flight. 


The Whirlymite Self-Trainer is designed to move the student 
through primary training right up to solo flight, without 


The one-man operational version of the ultra-light Whirly- 
mite has successfully completed 50 hours of flight testing. 


requiring dual flight instruction. That means a single instruc- 
tor can handle a number of students, simultaneously, through 
the training program. And, when the primary training is 
completed, the Whirlymite may be easily detached from the 
platform to become an operational helicopter. 


For complete information on this versatile, low-cost train- 
ing system, write for Data File IN-1611-1. 


Distributors: Mitsubishi Shoji Kaisha, Ltd. 
Tokyo, Japan 


Fairey Engineering, Ltd. 
Middlesex, Engiand 
Gensales, Ltd. 
Ontario, Canada 
Dornier-Werke, GmbH 
Friedrickshafen, W. Germany 
Swedish Air Services, Ltd. 
Stockholm, Sweden 
Fairey Aviation Co. 
of Australasia, Pty., Ltd. 
Sydney, Australia 


€ . ' 
“RING LaBoRATO® 


INTERNATIONAL AIRPORT 
LOS ANGELES 45, CALIF. 


Drone instrumentation package (arrow) now undergoing 
evaluation gives the whirlymite fully automatic, unmanned 
flight capability. 














Talk about Alvis... 


.. and you are talking about the 
Stalwart. This cargo carrier is the latest 
addition to the Alvis range of cross 


country vehicles — which includes the 





Saladin, the Saracen and the Salamander. 


All four are now in production at 


Alvis Limited, Coventry, England. 


... talk about outstanding 
cross country vehicles! 
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| * this era of missiles and spacecraft no single 
material can generally meet the exacting strength, 
weight, and temperature requirements of the 
aerospace designer. However, by properly blend- 
ing the optimum properties of two or more 
materials, composites can be fabricated which 
meet specific requirements better than any of the 
individual components. 


The idea of using composites is not new, for 
Greek mythology tells us that Icarus escaped 
from his prison in ancient Crete by flying over 
the walls with composite wings made of feathers 
and wax. What is novel is that our knowledge of 
materials and our refinements in fabrication 
techniques are being coordinated with specific 
application requirements, so that the composites 
we produce will keep our astronauts from falling 
into the sea as Icarus did when the sun melted 
the wax in his wings. 


This type of coordination promotes successful 
application. Consider, for example, the rather 
simple problem of designing handles for frying 
pans, toasters, irons, and other similar appliances. 
The knowledge that mineral-filled phenolic resins 
can be easily molded to the desired configurations 
and that the cured composites are fire and heat 
resistant, structurally strong, and excellent heat 
insulators matches the performance requirements 
for appliance handles, and a successful applica- 
tion is achieved. 


Of course, the aerospace designer is faced with 
a more complex task than the manufacturers of 
such domestic appliances, for he must evaluate 
many materials and properties and carefully 
match them to some extremely stringent applica- 
tion requirements, in order to assure the reliable 
performance demanded by the rocket and missile 
industry. Generally, however, his major problems 
involve heat resistance and weight reduction, and 
it is here that composite structures have achieved 
their greatest success. 


Weight 


In order to increase the performance of carrier- 
rockets and missiles, weight reduction must be 
accomplished without any decrease in load- 
carrying ability. This can be done by utilizing 
higher-strength, lighter-weight materials and, 
at the same time, by developing fabrication 
techniques which allow these materials to be 
directionally oriented during fabrication, so that 
the strength of the resulting composite coincides 
with the directional stress requirements of the 
structure. 


The higher-strength, lighter-weight materials 
must, of course, be in a physical form which lend 
themselves to orientation; fortunately, such 
materials are available. The following table lists 
various materials used or considered for use in 
rocket motors. Relative strengths and weights are 
indicated by the tensile and density values shown. 
The ratios of tensile strength-to-density shown 





Plastics in Rocketry 


By Walter E. Field, Structural Materials Division, Aerojet-General Corporation, Azusa, USA. 


in the third column are a measure of the materials’ 
load-carrying ability per unit of weight. 


TensileStrength/ 





Material Tensile Strength Density Density Ratio 
(psi) (Ib/cu. in.) (x 10°) 
Aluminum Alloys 83,000 -100 0.83 
Steel (6434 HT) 240,000 -283 0.85 
Magnesium Alloys 55,000 .063 0.87 
Steel Strip 300,000 .283 1.06 
Titanium Alloys 180,000 -163 1.10 
Steel Filament 550,000 .283 1.94 
Glass Filament 270,000 .092 2.93 


The last column shows at a glance, for 
example, that the lower density of titanium 
makes it a better choice for flying hardware 
applications than 6434 steel, despite the latter’s 
high strength. The figures tabulated also illustrate 
the remarkable strengthening effect which occurs 
as the dimensions of a specific material are 
decreased, for a comparison of steel in the sheet, 
strip, and filament forms leaves no doubt as to 
the strength advantage of filaments. The values 





quoted also show clearly the outstanding strength- 
to-density advantages of glass filament, which 
can, moreover, be oriented and positioned in a 
composite. 

To better appreciate the value of such orienta- 
tion, let us see how glass filaments would help to 
reduce the weight of a cylindrical rocket case or 
fuel tank. Up to now, designers have generally 
made these components of metallic materials, 
such as steel or aluminium. These isotropic 
materials (so called because they have the same 
strength in all directions) are efficiently used in 
spherical vessels because the stresses acting in 
the walls of a sphere are the same in all directions. 

In pressurized cylindrical vessels, however, the 
hoop stress acting in the wall is twice the longi- 
tudinal stress and an isotropic wall made to with- 
stand the hoop stress is overdesigned for the 
longitudinal load. 

Directional orientation eliminates this redun- 
dancy, and reduces weight by efficiently positioning 


Glass threads can be used to make hollow bodies of many shapes, the keynote being high strength coupled with light 
weight. Here are three examples taken from Aerojet General’s production range. Left: an oblate spheroid pressure con- 
tainer. Centre: a rocket motor combustion chamber with thrust nozzle. Right: a spherical pressure vessel. 


Cylindrical pressure vessels are made on this winding machine. The carriage (visible left in the photo) discharges the 
filaments as it travels from one end to the other. This motion is coupled with the rotation of the mandrel, to give the 


required angle of wrap. 
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Various sizes of filament-wound plastic igniter baskets, as used in solid-fuel rocket motors. The spiked object on the 
right is the original master from which plastic duplicates are prepared. Plastic moulds (top centre) made from the master 
tool serve in turn to form the spiked duplicates placed in the filament-winding machine. 


the reinforcement in the composite wall so that 
its strength coincides with the 2-to-1 directional 
stress requirements of the cylinder. In spherical 
vessels, where stresses are the same in all direc- 
tions, this advantage is however wasted. 

One of the fabrication techniques developed 
to accomplish this type of orientation is called 
filament winding. As the name implies, it com- 
bines continuous glass filaments with selected 
resin systems to produce strong light-weight 
composite structures. 

The filaments, as yarns or tapes, are wound 
around a core to form a reinforcing “cocoon.” 
The selected resins permanently anchor the 
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filaments in place and, in addition, help distribute 
the load between filaments and protect them from 
abrasion and other harmful environmental 
influences. Filament winding can be used to 
produce spheres, cylinders, cones, or other con- 
figurations that can be wound under tension. 
All in all this fabricating technique shows promise 
of producing units faster, more conveniently, and at 
a lower cost than by any other method now in use. 


Examples of Applications 


Igniter Baskets. One of the first applications 
for filament winding was its use with polyester 
resins to produce igniter baskets for solid rocket 


An_ ablative _ blast-protec- 
tion layer used instead of 
wall cooling. Above: The 
exhaust nozzle of a solid- 
fuel motor; graphite and 
other refractory coatings 
protect the areas subject to 
erosion. Below: The thrust 
chamber of a_ liquidfuel 
rocket motor. The inner 
coating consists of spiral- 
wound resin-impregnated in- 
sulating tapes with high- 
temperature ablation charac- 
teristics; after curing, they 
are densely wrapped with 
glass filaments. 


For the second-stage motor 
of the Martin Titan inter- 
continental rocket, Aerojet 
has developed an expansion 
nozzle, whose outer portion 
is clad with an ablative heat 
shield (dark area). Blast- 
effect protection is provided 
by an _ asbestos-reinforced 
phenolic liner. The neces- 
sary strength and stiffness 
are imparted by a glass- 
fibre reinforced phenolic 
honeycomb. 


motors (see illustration left). These units spray 
fire on the solid propellant to ignite it, and need 
the continuous strength of filament reinforced 
structure to support the large number of “‘built- 
in’ holes required for their function. Filament- 
wound baskets are moreover lighter, cheaper to 
produce, and more reliable than similar units 
made of wire or other materials which have been 
structurally weakened by drilling. Equipment has 
been designed for automatically winding these 
units with great accuracy. Individual cams control 
the winding patterns which can be programmed 
into this machine. 

High Pressure Tankage. Filament winding is 
also used to fabricate containers for pressurized 
gases and liquids. Containers made by this method 
have gained enthusiastic acceptance for the 
storage of air, helium, nitrogen, nitric oxide, and 
many other materials. They withstand con- 
tinuously variable internal pressures and at the 
same time provide weight savings, corrosion 
resistance, and resistance to shattering not avail- 
able in equivalent metal units. Filament wound 
spheres have been designed and fabricated to 
meet burst pressure requirements as high as 
20,000 p.s.i. and to operate in the —65°F to 
+200°F temperature range. 

Early development work in this field was 
almost entirely restricted to spherical containers, 
but now that the difficulties have been overcome 
and the value of these units has been demon- 
strated, other shapes, such as cylinders and oblate 
spheroids are being designed and fabricated. 

These shapes take greater advantage of the 





directional orientation made possible by filament 
winding, and automatic machines are being 
fabricated which will extend these advantages 
to rocket cases as well as to many other rocket 
and missile applications. 


Thermal Composites 


Oriented materials are also helping the aero- 
space designer to solve some of his high tempera- 
ture insulation problems. In this application, 
however, the materials, Refrasil and asbestos 
tapes, impregnated with high temperature resins, 
are positioned for optimum thermal properties. 
This eliminates the interlaminar stress and peeling 
action common to conventional composites, 
allowing decomposition gases to escape easily 























This type of thrust chamber 
is proposed by Aerojet- 
General for the second stage 
of the Polaris A-3. The glass 
filament winding machine, 
visible on the right, in Aero- 
jet’s Azusa plant is believed 
to be the largest of its kind 
in the USA. It can handle 
units up to 30 ft long and 
14 ft in diameter. 
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without destroying the structural integrity of the 
laminate. The cured composite also has sub- 
stantially greater heat capacity and thermal 
conductivity properties than non-oriented lami- 
nates and, most important of all, provides an 
ablative surface which erodes uniformly. Tests 
have shown that, even after 4 minutes exposure 
to exhaust gas temperatures in excess of 6,000°F, 
these surfaces are essentially smooth and free 
from blisters and excessive pitting. 


Thrust Chambers 


Ablative construction is now replacing the 
heavy, complicated, and expensive “plumbing” 





formerly required for the cooling of liquid rocket 
thrust chambers. The ablative liner in these 
uncooled plastic units is made by winding the 
resin-impregnated insulating tapes around a 
removable mandrel. After curing, the outer dia- 
meter is machined and completely overwrapped 
with glass filaments to provide the required 
structural strength. 


Exit Cones 


If erosion conditions are particularly severe, 
the throat area can be made of graphite or another 
refractory material. This combination achieves 
significant weight savings, greater resistance to 


Full-scale mock-up of the Aerojet Able carrier rocket second stage, with plastic nose covering. 











thermal shock, and better over-all performance. 
Where deflection or vibration are critical factors, 
the composite can be stiffened with a honeycomb 
core, which may be sandwiched between the 
ablative liner and the outside reinforced plastic 
skin. 


Nose Cones and Fairings 


Ablative composites are also used in the fabri- 
cation of nose cones and fairings. In space probes 
for example, the payload must be protected from 
extreme heat and abrasion whilst passing through 
the earth’s atmosphere. Nose fairings, made of 
two equal half sections held together with 
explosive bolts, accomplish this. Once the pay- 
load clears the atmosphere, an electrical impulse 
to the bolts allows the fairings to separate and 
expose the payload. 


Missile Warheads 


Light weight composites of glass reinforced 
plastic are also used in the manufacture of war- 
heads for missiles. Depending upon design and 
mission, units are in some cases made of polyester 
resin with pre-mixed chopped glass. This material 
can be easily molded, and the individual parts 
adhesively bonded to form the finished unit. 

Other larger units are completely created by 
hand lay-up and subsequent molding in specially- 
built presses. Plastic-reinforced composites have 
produced end items which are stronger, more 
reliable, and less expensive than their counter- 
parts made of other materials. 


A Nike-Hercules warhead housing going into the curing 
oven. These warheads use a large amount of polyester 
resin, which is reinforced with glass choppings. 


The Future 

...And the search for new materials and new 
fabrication methods continues. Man will soon 
be making long space flights and, with this change 
in his environment, the search for new concepts 
and new ideas to be developed will be more 
important than ever. As an example, many 
delicate items are now potted or packaged 
in plastic foams to protect them from damage. 
These materials work well while there is air 
pressure but, in the airless hold of a spaceship, 
they may expand and blow up from their own 
internal pressure. Sealants which efficiently per- 
form their function on earth, may have to be 
modified to withstand the constant vacuum of 
space. These, and many other similar problems, 
offer the challenge for the future—but they will 
be solved, for man has his eyes on the stars. «+ 
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Research and Production News 
































e@ Motorola Aviation Electronics Inc., Culver 
City, Calif., a subsidiary of Motorola Inc., has 
put a new VHF radio and navigational equip- 
ment for executive and touring aircraft on the 
market. Including the marker-indicator (sup- 
plied on request) which consists of three lamps, 
the whole equipment weighs only 22 Ib. It con- 
sists of a transmitter (8W power), receiver, 
power supply, glide slope receiver, VOR/LOC- 
and VOR/ILS-indicator. The standard design 
of transmitter has 90 channels (118-126.9 Mc/s). 
The receiver has 190 channels (108-126.9 Mc/s) 
spaced at 100 Kc/s. If desired, a further model 
of the same type can be supplied with a larger 
number of channels (360/560 channels, 118/108- 
135.95 Mc/s) spaced at 50 Kc/s. In addition to 
this, a further frequency outside the ranges 
mentioned can be utilized by means of a plug-in 
quartz crystal. 

Our illustration shows the one-box receiver/ 
transmitter control unit (top), the VOR/LOC 
indicator (left centre), VOR/ILS indicator (right 
centre), and receiver and control units in sepa- 
rate boxes (bottom). 





e The A. W. Haydon Company, Culver 
City, Calif., has produced an extremely 
accurate electronic timer (‘‘Series 31800"), 
which has a time delay range between 50 
milliseconds and infinity. Operational accu- 
racy is 0.01 percent. The timer works reliably 
at all temperatures between—54°C and 
+71°C and at altitudes of up to 50,000 feet. 
It resists shocks up to 30 g and vibrations 
of up to 500 c.p.s. at 10 g. At 28-volt a.c. or 
115-volt d.c., the contact rating is 10 amps. 
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e@ Raytheon Company, Waltham, Mass., 
is offering a new variable-reactance semi- 
conductor diode. The gallium arsenide 
varactor serves for low-noise microwave 
amplification. For example, the effective 
range of radar equipment can be boosted 
by up to 50 percent through the use of the 
varactor. y 

















e Consolidated Electrodynamics Corpo- 
ration, Pasadena, California, a subsidiary 
of Bell and Howell, have developed the PR-2300 
tape-recording and reproducing apparatus 
which is of relatively light weight, and whose 
efficiency is equal to that attained up to now 
only by significantly larger equipments. The 
pick-up/playback apparatus weighs 150 Ib and 
measures 18 in x 14 in xX 23 in. Fourteen 
channels are available for playback or for 
broadband FM analogue data. The tape speed 
can be changed in six steps (60, 30, 15, 7%, 
3%, 1% in per sec) by changing two driving 
belts. Memorized information can be played 
back in both directions. The pickup and play- 
back amplifiers are separately housed in an 
additional cabinet measuring 18 in x 14 in x 
3% in and weighing about 24 Ib. The tape- 
recorder is robustly designed and operates 
within a temperature range of 4.5°C to 68°C 
with the utmost reliability. A power supply of 
115V 60 c/s is required. 



















































@ The Solartron Electronic Group Ltd., Farn- 
borough has developed a new radar simulator, 
which is characterized by its small dimensions 
as well as by its very high reliability and precision. 
The apparatus is fully transistorized and requires 
no more space than an ordinary office desk. Six 
synthetic radar targets can be simultaneously 
displayed and, in order to obtain the most realistic 
production possible for the training of radar air- 
traffic controllers, the simulator has been provided 
with special characteristics including: variable 
size of echo (dependent on distance of target); 
insertion of artificially produced echoes from 
meteorological disturbances; MTI; adjacent echo 
attenuation; circular polarization; video-map; 
variable wind-strength and direction at various 
layer heights. 

Being fully transistorized, this new radar simu- 
lator requires no special cooling arrangements. 
It makes extensive use of printed circuits, which 
include a number of Solartron’s standardized 
printed-circuit boards. These are colour-coded 
according to their different functions and can be 
changed by hand. 





e Autonetics, a Division of North American 
Aviation Inc., included in its Paris Show 
exhibit the VERDAN miniature Digital Com- 
puter, produced under licence in Great Britain 
by Elliott Brothers (London) Ltd. The computer 
measures only 15 % in x 8in x 19°/:6 in. Its design 
makes considerable use of semi-conductors 
and plug-in modules, which make for a high 
degree of reliability and great sturdiness. The 
computer is the core of the inertial navigation 
system of the air-to-ground GAM-77 Hound 
Dog missile, where it fulfils two functions: on 
the ground, it serves for the testing and cali- 
bration of the missile guidance system (at the 
same time it is self-checking). As soon as this 
test programme has been concluded, the flight 
programme is fed into the computer and kept 
with the calibration factors already stored. After 
the missile has been launched, the VERDAN 
computer ensures that it reaches its target, so 
that the Hound Dog can even make a mock 
attack, turn suddenly from the supposed target, 
and then fly to its real target. The VERDAN 


Digital Computer can be utilized for the inertial 
navigator of the Po/aris submarines as well as 
for the navigation and guidance systems of the 
North American A3J Vigilante. Autonetics is 
at the moment reported to be working on further 
miniaturization of the VERDAN coupled with 
an increase in capacity. 








e Varian Associates, Palo Alto, Calif., have 
developed an extremely powerful microwave 
amplifier system which made an important con- 
tribution towards the success of experiments carried 
out some time ago, in the course of which radio 
signals reflected from Venus were received. Heart 
of this amplifier system is the VA-800C klystron, 
which has a power-output of 10 kW at a frequency 
of more than 2000 Mc/s. In order to eliminate 
troublesome moving joints between the antenna 
and power supply, the klystron and its components 
are built inside the framework of the reflector (see 
illustration), which was set up in the Mohave 
Desert, California. The experiments commissioned 
by NASA and carried out by scientists of the Jet 
Propulsion Laboratory were successful in so far 
as the radio signals reflected from Venus were 
received so clearly that no elaborate and tedious 
analysis was required. A few months ago, the same 
equipment served for the transmission of radio 
signals between California and Australia, using 
the moon as reflector. 
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e@ Marconi's Wireless Telegraph Co. Ltd., 
Chelmsford, has announced that it will 
exhibit several new and interesting items 
of equipment at the forthcoming Farn- 
borough Show. Among them is a tabular 
display unit, which can be used as a com- 
ponent of a data-processing system—such 
as an automatic air-traffic control system. 
On the SD 1016 rectangular cathode ray 
tube, which is 7 in wide and 5 in high, 400 
alpha-numerical symbols can easily be seen 
at a distance of 2-3 ft. even in daylight 
(illustration below). The control unit of the 
equipment can produce 50,000 characters 
per second. In a time-multiplex process, 
10 such screens each display 250 characters 
simultaneously and independently in what 
is described as a typical application. The 
individual numbers or letters may be cor- 
rected without affecting the remainder of 
the display. 

Another recent Marconi development is 
the Radar Display Console SD 1015, which 
permits “raw” radar signals and syntheti- 
cally-produced information to be displayed 
simultaneously. The latter can, for example, 
be derived from the buffer memory of an 
electronic computer, and can include radar- 
echoes, alpha-numerical characters and 
symbols etc. The upper diagram shows a 
layout of the new Marconi equipment: 
extreme right—the cathode ray screen SD 
1015; Jeft (in shadow)—the cathode ray = 
screen SD 1016 for tabular display. The 
television screen on the extreme left is 
used for displaying meteorological informa- 
tion. 
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e Avco Corp., Electronics and Ordnance Division, Cin- 
cinnati, Ohio has recently delivered the first two of a set of 
equipments for the AN/FPS-26 high-powered height-finding 
radar equipment to the US Air Force. The FPS-26 will 
be used in conjunction with the US Air Force long-range search 
radars around the North American Continent for the monitoring 
of aircraft. 


e@ Maschinenfabrik Augsburg-Niirnberg (MAN), Gustavs- 
burg, has set up a new radio-telescope near Parkes, NSW 
(about 200 miles from Sydney, Australia). This telescope will 
be used by the Commonwealth Scientific and Industrial 
Research Organization, Melbourne, for radio-astronomical 
research. The telescope has a reflector with a diameter of 21 ft, 
covered with an 8-mm steel wire mesh. The illustration shows 
a 1:50 scale model of this radio-telescope. 
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e Ling-Temco Electronics Inc., 
Dallas, Texas has developed the 
“Video Correlator,” which can be 
built into any radar set to offset 
interference from radar trans- 
mitters operating in the vicinity, 
which is often quite considerable. 
The concern has already fitted a 
large number of radar sets of the 
US Air Force, Army, Navy and 
Marine Corps with the video 
correlator. In the manufacturer's 
Opinion, it is cheaper to equip an 
existing radar set with the device 
than to buy a new one proof against 
disturbances of this kind. Illus- 
trated are (above) a cathode ray dis- 
play with heavy interference from 
a nearby radar station, and (below) 
the identical display using the 
video correlator. 











e Standard Telephones and Cables 
Ltd. (STC), London, is carrying out 
tests at London Airport aimed at the 
integration of the PVT.2 automatic 
triangulation direction finding system 
(see /nteravia No. 8/1961 page 1126) 
with the standard air traffic control 
surveillance radar. The test installa- 
tion (illustration) includes a radar 
console, the PVT. 2 system's tele- 
vision screen, and a control unit 
operated by a “joystick.” As soon 
as a pilot depresses his microphone 
button, two or more CADF stations 
automatically take a bearing on this 
signal (VHF or UHF). The bearings 
thus obtained are presented as white 
lines on the television screen, the 
point of intersection denoting the 
aircraft's position. By means of the 
“jioystick"’, an electronically-generated 
symbol (such as a dot, circle, or 


square) can be moved across the 
screen to mark the fix. The symbol 
also appears on the radar scope at 
the same geographical point and 
thereby indicates the location of the 
aircraft whose bearings were taken. 
In this way, a radar contact can be 
identified much more quickly and 
easily than by the usual methods 
employed; this greatly facilitates ter- 
minal-area radar control, especially 
under heavy traffic conditions. It is 
understood that tests of this new 
system being carried out by the Royal 
Navy and the Royal Air Force are 
proceeding satisfactorily. The equip- 
ment is available within a relatively 
short delivery time, and the radar 
consoles in use require only minor 
modifications to enable them to 
reproduce the identification sym- 
bol. 























PEEP 
Kye-level 


Te pilot of a modern aircraft must constantly 
divide his attention between the instrument 
panel and the “‘outside world.” During visual 
flight conditions, he must maintain a continual 
watch for other aircraft to ensure sighting them 
in ample time, and simultaneously monitor with 
vigilance the numerous instruments, impressively 
arrayed in a modern aircraft, for navigation, 
flight attitude, and engine performance data. 
Under instrument flight conditions, the problem 
is even more acute. The pilot is completely de- 
pendent on his blind flying instruments for the 
indication of the safe flight path—down to the 
obstacle clearance limit. If, at this point, he cannot 
see the ground owing to poor visibility, he must 
break off the landing procedure and start again. 
Technical advances notwithstanding, the pilot is 
still obliged to carry out the terminal landing and 
touchdown procedures visually. In many cases, 
the timely recognition of landing lights glim- 
mering through fog or snow is a prerequisite for 
a safe landing. The pilot’s attention is thus 
always divided between the instruments and the 
flight path ahead. The frequent re-focusing of 
the eyes from infinity down to the instrument 


The PEEP system is easily adaptable to a variety of needs and to many air-borne equip- 
ments. The simplest version uses only an aircraft and horizon symbol in its pattern (see 
illustrations below). The standard model includes also a perspective track symbol, re- 
sembling a runway approach (illustration at upper right). Correct course and altitude 
are maintained when the aircraft symbol is kept centered on the director-dot. Depen- 
ding on the equipment on board, data from the following instruments can be displayed: 
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panel, and the contrast between the inner and 
outer illumination levels, result in considerable 
eyestrain and fatigue. Moreover, when this 
“‘split-attention” condition is protracted, a dan- 
gerous situation arises—one which has already 
been responsible for a large number of accidents. 

In order to remedy this problem, Rank Cintel 
Limited (London) has developed, on behalf of 
the British Air Ministry, a device for the display 
of the more important flight and navigation data. 
Based on the principle that the best place to 
display such information is directly in the pilot’s 
line of sight, this firm has produced the PEEP 
(Pilot’s Electronic Eyelevel Presentation) system, 
which is now also offered for civil use. Elec- 
tronically generated symbols are so displayed as 
to give the pilot the impression that the pattern is 
projected onto the ground or clouds ahead. The 
pilot need neither move his head nor refocus his 
eyes in order to perceive the data presented to 
him by this projection system. The PEEP pattern 
appears to be focussed at infinity. 

The complete PEEP equipment includes the 
Pilot’s Display Unit, Waveform Generator (to 
supply the cathode ray tube deflector coils), 


banking to the left. 


and the Coupler (data transformer). The com- 
plete set weighs only 50 Ib and the power con- 
sumption is 75 watts. The Coupler first converts 
the data from the airborne instruments into a 
form suitable for feeding to the Waveform Gener- 


The heart of the PEEP system is a high-performance 
cathode ray tube which is built into the Pilot’s Display 
Unit, together with its electronic circuitry. A lens 
assembly projects the pattern generated on the screen 
directly onto the aircraft’s windscreen or onto an oblique 
reflecting screen. In either case, the image pattern is 
displayed at the pilot’s eye-level. 





reference gyro (flight attitude), compass (heading deviations), flight data computer and 
altimeter (altitude variations), airspeed indicator (display of air speed on scale), 
ILS (lateral and vertical deviations from landing path). The lower illustrations show 
examples of the simplified indications. Left: normal flight attitude, on course. Centre: 
correct course, aircraft banking to the right. Right: too high, off course to the right, 
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PEEP pattern symbols: 


speed scale ' ° ° ° ° 


aircraft 4 lan 

artificial 

horizon — 
perspective track isa 








ator. The latter provides the deflector coil volt- 
ages which generate the proper symbols dis- 
played on the face of the cathode ray tube. By 
means of a system of lenses and a mirror, these 
symbols are projected directly onto the wind- 
screen of the aircraft, or if its configuration does 
not permit this, onto a glass reflector on the dis- 
play unit (see illustration). The display of infor- 
mation is fully automatic and continuous, and 
the maximum luminosity of the projected pattern 
(green by day, and orange at night through the 
use of a filter) makes it clearly visible even against 
bright clouds. The pilot only has to select the 
desired brightness of the projection display; he 


RACEP - A new radio telephone 


‘The Martin Company has brought out a new mo- 
bile radio communications system, called RACEP 
(Random Access and Correlation for Extended Per- 
formance). Working in the same way as an ordinary 
telephone system—but without the use of wires or 
central switchboards—RACEP enables any sub- 
scriber to contact any other subscriber. Conference 
calls and other special patterns are likewise possible, 
and the command override feature allows all sub- 
scribers to be called simultaneously from a single 
transmitter for high-priority messages. 


The RACEP system is based on a completely new 
modulation technique, and makes full use of the idle 
time between individual calls and of the short, but 
frequent, pauses and breaks in normal conversation. 
The RACEP equipment so far built by Martin per- 
mits uninterrupted simultaneous communication on 
70 channels (35 duplex channels). Martin engineers 
assume that, owing to idle time between calls and 
pauses in speech, only about 10 percent of the overall 
time is actually required for transmission, so that the 
current design affords a ten-fold increase in capacity. 
Thus RACEP can handle 700 subscribers, using a 
single channel of only 4 Mc/s bandwidth in the VHF 
or UHF range, which represents a marked economy 
in frequency spectrum requirements over present-day 
radio communication systems. 


Simultaneous speech by several subscribers on the 
same frequencies is made possible by the use of Pulse 
Position Modulation (PPM). The speech waveform is 
first converted to a form of pulse position modulation, 
which is then broken down into individual sub- 
pulses. Each sub-pulse is transmitted on a separate 
carrier-frequency in the 4 Mc/s bandwidth after the 
insertion of time-delays corresponding to the address- 
code of the subscriber being called. While the latter’s 
receiver may be within range of the impulses sent out 
by all the transmitters in the network, it selects only 
those sub-pulses with the appropriate time-delays. 
The sub-pulses in a pulse-group are reconstituted into 
the original PPM pulses, which are then converted 
back into speech waves. 
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The use of extremely short pulse durations (about 
one microsecond) reduces cross-talk to a minimum 
during simultaneous conversations. In the event, 
however, of the number of simultaneous conver- 
sations or the system load factor temporarily exceed- 
ing a certain level, increasing static background noise 
makes itself heard, and the subscriber will react by 
taking the trouble to speak more distinctly, and with 
more pauses, thus reducing the load factor. Besides, 
argues Martin, he may also postpone less important 
conversations until a more favourable time, when the 
system is less heavily loaded. 

Martin developed RACEP on its own initiative 
and with its own resources, as the firm takes an opti- 
mistic view of the system’s prospects for wide use and 
further development, for it has many fields of appli- 
cation and numerous advantages. RACEP can, for 
example, be used in air-ground voice communications 
for air traffic control. Instead of all the frequencies re- 
quired by current military and civil ATC systems fall- 
ing in a 26 Mc/s waveband, all traffic increases ex- 
pected as far as 1970 could be served with two fre- 
quencies of 4 Mc/s bandwidth—a reduction of about 
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Examples of standard PEEP display; 1 - left bank; 2 - 
horizontal flight, too high; 3 - descending, too low; 4 - right 
bank, climbing, too high, off course to the right. 


has no other adjustments to make. An automatic 
regulator maintains the contrast between the 
pattern brightness and the ambient lighting at a 
constant level. 

The normal PEEP indications provide the 
pilot with all the information needed to monitor 
flight attitude, heading, altitude, and speed. Addi- 
tional data can also be incorporated in the dis- 
play if desired, such as a scale showing the dis- 
tance flown, the height above terrain for ILS 
landings, and so on. The current version of the 
PEEP display unit shows all information within a 
25° sight angle. However, a wide-angle display 
can also be provided by suitable modifications in 
the lens system. Experienced pilots, who have 
tested the PEEP system in use, are impressed by 
the clarity and inherent simplicity of the display. 
After an average of four minutes of test flying, 
they were able to control the aircraft guided only 
by the projected pattern—and to do so with a 
much higher degree of precision than with the 
normal instruments. Tests have shown that the 
use of the PEEP system enables the pilot to per- 
ceive a distant object, e. g. an aircraft on a con- 
vergent course, an average of three seconds sooner 
—precious, perhaps critical, seconds, given the 
speeds of modern aircraft. aia 


system 


70 percent, which, in view of today’s already over- 
loaded frequency spectrum and lack of radio com- 
munication channels, represents a very worthwhile 
improvement. Since RACEP can transmit both voice 
and digital data, it can be used for fully automatic air 
traffic control and data transmission using only one 
4 Mc/s frequency bandwidth, thus giving a further 
50 percent economy. Moreover, a single transmitter 
and receiver may serve as many subscribers as desired 
at one airport, instead of the numerous frequencies 
and many individual transmitters and receivers re- 
quired today to fulfil the same purpose. 


In military applications, one of its most important 
features is that the encoding of the transmitted infor- 
mation is inherent in the RACEP principle. The con- 
version of speech into PPM pulses and their break- 
down into time-delayed sub-pulses (“time-frequency 
matrix”) amounts to a double encoding, which pre- 
vents listening-in by anyone other than the addressee. 
Also, the system’s ability to transmit a large volume of 
both voice communications and data simultaneously, 
should enable it to be used with advantage in, for 
example, simultaneous firing of numerous guided mis- 
siles, since only a single frequency would be required 
to transmit the necessary control commands to all 
the missiles in question. 


Furthermore, the RACEP equipment requires very 
little modification to give it transponder capability. 
When so used, great distances can be linked by radio 
economically and without the need for complex in- 
stallations. A RACEP type relay station, if installed in 
a communications satellite, would provide world- 
wide voice communications and data transmission 
service. 

The Martin Company has supplied six RACEP 
units to the US Air Force for testing purposes; they 
weigh less than 35 lb each, and their dimensions are 
14 in x 14 in x 12 in. Power is supplied by a 24 or 
30 volt battery, and power consumption does not 
exceed 200 watts. The range of these models is about 
15 miles, but substantially increased range and ca- 
pacity are within the possibilities of the system. ++ 














STILL PIONEERING 


The continuous research and development of 
special Stainless, Heat and Creep-Resisting 
Steels carried out by Firth-Vickers since the 
early days of aviation has made possible the 
continual improvement in performance and 
efficiency both of airframes and engines. 


This experience proved invaluable during the 
close co-operation between Firth-Vickers 
and Bristol Aircraft Limited when steels and 
methods of fabrication for the construction 
of the T.188 Supersonic Research Aircraft 
were considered. 


Plate, Sheet, Bar and Forgings produced by 
Firth-Vickers account for over 90% of the 
Stainless Steel used in the construction of this 
aircraft. 


7 STAINLESS STEELS 


~~ 


FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD 


— the only Company in Europe to devote its activities exclusively to 
the rroduction and development of stainless and heat-resisting steels 
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Fifth engine tests Boeing 727 
design feature 


The Boeing 707 prototype,which proved out 
advanced design features of the Boeing 707 
and 720 jetliners, is now at work as a flying 
test bed for the next generation of Boeing 
jets — the three-engine short-range 727. 
The prototype is shown above equipped 
with a fifth engine, conducting exhaustive 
tests of the efficiency and performance of 
side-mounted engines, a feature of the 727. 
In addition, the 707 prototype is testing new 
high-lift wing flaps, aircraft systems and 
other design features that will make the 
727 the most advanced jetliner of its class. 


Already,ninety-two 727s have been ordered 
by Eastern Air Lines, Lufthansa German 
Airlines and United Air Lines for delivery 
beginning in 1 963.The 727 will operate from 
5,000-foot runways with full payload and 
will serve routes from 150 to 1700 miles. It 
offers airlines many unique advantages, in- 
cluding components and systems that have 
demonstrated outstanding performance 
and reliability in more than 300,000,000 
miles of Boeing jetliner operations. 
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oy ge electronic reservation 
system for B.0.A.C. 


Unceasing expansion of B.O.A.C’s passenger traffic 
created a need for a fast and dependable seat reserva- 
tion method. A new electronic system, developed and 
manufactured by STC, will enable B.O.A.C. offices in 
the U.K. and throughout Europe to obtain immediate 
access to information on seat availability. 

The central equipment will be installed in the 
Terminal Building in London and will be capable of 
answering 8,000 queries a minute. About 200 Sales 
Personnel will have remote access to this central 
processer equipment which uses computer type mag- 
netic drums for information storage. 

STC Seat Reservation Systems are designed to 
utilize established national and international com- 
munication networks. The systems operate at high 
transmission speeds and incorporate error-checking 
facilities. 


Visit the STC Stands 156-159 at the 
Farnborough Air Show. 





J 







Technical details are given in brochure 
available on request from:— 


Standord Telephones and Cables Limited - 


INFORMATION PROCESSING DIVISION: COPORATION ROAD - NEWPORT - MON wsocar 
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x 4 
ELECTRONIC 

COMPUTER 

EXHIBITION 


AND THE ELECTRONIC DATA PROCESSING SYMPOSIUM 


NATIONAL HALL OLYMPIA London 
OCTOBER 3rd-12th 10:30amto 7pm 
October 3rd onlyNOON- 7pm Sat.10:30am to 4pm 






Visitors to Olympia can see a working demonstration of some of 
the most up-to-date electronic computers and ancillary equipment 
in the world. Britain’s leading manufacturers will display their 
latest equipment, and experts on the various stands will be ready to 
offer information and advice about electronic data-processing of 
every sort. Whatever the size and nature of your business, here is an 
exhibition you cannot afford to miss. If you cannot attend yourself, 
you should at least send an observer. 


THE ELECTRONIC DATA PROCESSING SYMPOSIUM 


During the Exhibition a three day symposium will be held. Executives, well 
versed in computer techniques, will come from a wide range of concerns— 
both State and private enterprises—to give registered delegates the benefit 
of their user knowledge and experience. All six sessions will be informal, 
and a highly useful exchange of ideas and information will result. 

For further information contact Mrs. S.S. Elliott, M.B.E., 64 Cannon Street, 
London, E.C.4. Telephone: CENtral 7771/2. 


SEE THE NEW GENERATION OF COMPUTERS AT WORK 
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STACKED VHF/UHF ANTENNA 

is designed for installation on buildings, 
control towers, or directly on = 
Drastically reduces siting problems. 








SERVOFLIGHT* Combined VHF/UHF 


Doppler Direction Finding Systems 


Giant step forward in improved air navigation, air traffic control, and 
air safety, new SERVOFLIGHT® Combined VHF/UHF Doppler Direction 
Finding Systems literally pinpoint a pilot in space. 


Built for highest accuracy and reliability, all components of the system feature 
ultra-refinement, compactness, and flexible expandability. 


Product of more than a dozen years of evolution and refinement, SERVOFLIGHT 
gives you a modern system that will stay modern for years to come. 


SERVO CORPORATION OF AMERICA 
s 111 New South Road, Hicksville, L.I., N. Y., U.S.A. 


EXPORT REPRESENTATIVE: 
Szucs International Corporation, 50 Broad Street, New York 4, New York, U.S.A. 








LOCAL SITE EQUIPMENT 

is compact enough to be installed in control 
room. Receivers and other electronic com- 
ponents may be housed at considerabie dis- 
tance without degrading system performance. 








REMOTE DISPLAY EQUIPMENT 

uses multiwire cables for distances ” to 
15 km. Radio links or standard voice tele- 
phone lines may be used for greater distances. 











AUTOMATIC TRIANGULATION DISPLAY 


extends graphic utility and flexibility of DF 

system. Designed for use alone, or for inte- 

gration with present radar, sophisticated dis- 

play system provides an accurate fix in 1 

second for positive identification. Uses 
+- ~ eam equipment in aircraft; nothing 
added. 





HIGH-PRECISION VHF RECEIVER 

Model R5200 combines high sensitivity, — 
stability, and ease at operation in a single 
instrument offering provision for both AM 
and FM reception over wide frequency range. 
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INTERAVIA 


World Directory of Aviation and Astronautics 
Annuaire international de |'aéronautique et de |’astronautique 
Weltadressbuch der Luft- und Raumfahrt 


Anuario mundial de aero y astronautica 





Annuario internazionale dell'aeronautica e dell'astronautica 


1961 Edition 


Completely revised a 





1325 pages (8°/s X 11’/s in. or 21 X 30 cm) 
SFr. 50.— ; £4.0.0 ; U.S.$12.00 
including postage and packing 





Order your copies now 


The purchase of a copy will save you untold time, 
trouble and expense—because you will find reference 
data covering the entire aviation industry all over the 
world in INTERAVIA ABC. 


The leading reference work and most reliable 
source of information for all engaged in aeronautics 
and astronautics. Indispensable at atime of ever- 
increasing competition for new markets. 

















The 1960 edition was sold out within a few 
months of publication. 


Four main sections : 





@ Alphabetic list of aviation authorities and 
enterprises (Alphabet) 


@ Analytical list of air authorities and enterprises 


cAnaiyt) according to continents and countries INTERAVIA S.A. 
@ Five-language Products Glossary and Buyer's Geneva 11 


Guide (Indicator) 


Switzerland 
@ « Who is where » in World Aviation 















Philips’ high grade communications receiver type 8RO 501. 





CW telegraphy (Al) 
MCW tone telegraphy (A2) 
DSB telephony (A3) 

and with adapters : 

FSK telegraphy 

(F1 and F6) 

SSB and ISB telephony 
(A3a and A3b) 






NEW! 













Quality HF receiving equipment is essential for efficient communications. Especially for long-distance 
reception it fulfills an important task. To accomplish this it has to meet diverse requirements. It must 
be reliable, easy to operate and stable: above all it must be able to cope with good reception in the 
overcrowded HF bands. Philips engineers recently developed such a versatile communications receiver, 
type 8RO 501. This double super-heterodyne has an excellent signal-to-noise ratio and very high 
selectivity. Frequency range: 0.2-31.2 Mc/s. It will fit into almost any communications system 
A variety of adapt'ng equipment is available to form elaborate receiving systems, such as the type 
8RO 700 dual diversity telegraphy receiver and the type 8RO 300 ISB receiver. A booklet “Shop-talk 
on radio communication” is available on request. 


more than 40 years of experience in radio communication 


N.V. PHILIPS’ TELECOMMUNICATIE INDUSTRIE, HILVERSUM, THE NETHERLANDS 





an advertisement from Philips KEY CAPITALS series 
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How to read an enemy mind 


Today, 


predict where an enemy will be next. 


Deep in the combat control room of a giant aircraft carrier, they 
They watch the entire tactical situation- 
every movement of every ship, aircraft and submarine in the battle 


see the enemy deploy. 


area. 

Their “eyes” are new Hughes Display Consoles. 
These consoles present the over-all situation in quick 
pictorial form. 

The consoles are part of a complete system which also 
analyzes the enemy’s movements and gives split- 
second recommendations for countermoves. 


With this information commanders can coordinate 


defensive task force movements and assign weapons & 


with unprecedented speed and precision. 


Installed on carriers and guided missile ships, the 


Naval Tactical Data System (NTDS) includes the 


Hughes consoles and a high-speed computer. 
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United States Navy battle commanders can 






High over the deck of the missile cruiser 
USS Galveston, this new Hughes 3-D 
radar antenna simultaneously detects 
the range, bearing and altitude of a 
great number of targets. 





Other surface systems at Hughes include development of new types 
of computers, circuitry and memory cores. 
expanding on the Hughes 3-D (electronic scanning) radar principle— 
one of the major breakthroughs in the electronic arts. 
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The AN/GSN-11 Automated Terminal Air Traffic Control System 


by F.C. Shadley and R. Meuleman, Avco Corporation, Cincinnati, Ohio. 


To satisfy the constantly increasing demands on ATC, the use of automatic 
aids is indispensable. The industry and the authorities have for some time been 
actively concerned with the development of satisfactory systems and pro- 
cedures. Congestion of the ATC system is becoming more and more critical 
and it seems essential, once the available systems have been carefully tested, 
to reach a decision as soon as possible. To assist the reader in forming a 
picture of the general situation, Interavia regularly reports on all new pro- 
posals, even when no practical investigation results are available. The following 
contribution, by two of the staff of AVCO Corporation, deals with a terminal 
area control system at present being tested by the FAA. The Editors. 


The toughest challenge in air traffic control is the terminal area, a 
radius of 60 to 90 miles surrounding every high density airport. The US 
Air Force, having been faced with the need for efficient handling of jet and 
propeller traffic in their return-to-base operations, has over the past three 
years sponsored the development of an.advanced terminal area control 
system. The techniques utilized in this system are worthy of careful considera- 
tion in solving the general terminal area traffic control problem. 

Based on sophisticated arrival scheduling, a gradually tightening 
computer-pilot-radar control loop, and a technique for automatic ground- 
air voice communications, the system is scheduled to begin flight testing at 
FAA’s Atlantic City test center this coming summer. Designated the 
AN/GSN-11 Air Traffic Control Central, the six-console, 50-cabinet system 
was developed by the Electronics and Ordnance Division of AVCO, 
Cincinnati, Ohio. 

To achieve the high precision necessary for maintaining safe positive 
separation while still increasing traffic rate to the theoretical maximum, a 
closed loop vectoring system is necessary. The rate at which aircraft can 
be landed at an airport is dependent on the precision with which arrival 
times can be controlled. In manual radar approach control, an aircraft can 
be vectored to arrive at touchdown within +30 seconds of the desired 
instant. Among the many factors preventing a tighter delivery precision are 
wind drift, communications delays, pilot and aircraft reaction time, heading 
and speed errors. Even so, the precision achieved by manual radar delivery 
is far superior to that possible with the “timed approach” utilized pre- 
viously, and still resorted to during radar shut-downs. Critical to the achieve- 
ment of higher acceptance rates is the problem of common-path overtaking. 
When a fast aircraft follows a slow one, enough additional separation must 
be allowed so that, when the fast aircraft comes onto final approach, it does 
not violate safe separation from the slower aircraft preceding it. 


System Description 


The AN/GSN-11 (Fig. /) is a ground-based electronic traffic control 
system capable of simultaneously controlling 18 arriving aircraft (in batches 
of six, assigned to three console operators) and six departures in a terminal 
area. Each arriving aircraft is assigned an individual tracking-computing 
channel, which schedules a precise touchdown time and closely controls the 
aircraft to ensure adherence to the schedule. Automatic approach-control 
instructions computed by the AN/GSN-11 are dependent on the continu- 
ously moving position of the aircraft, determined by a surveillance radar. 

This typical installation is divided into two parts—the operations or 
control room, and the equipment room. Installed in the equipment room are 
18 flight plan computers, scheduling devices, polar coordinate trackers and 
acquisition facilities, an automatic voice relay, alpha-numeric video gene- 
rators, an automatic maintenance facility, a maintenance bench, and power 
distribution. In the control room, there are six operating consoles—three 
identical control consoles, a monitor console, a departure console, and a 
relay console. Functionally, the operation is broken down as follows. The 
monitor console is the supervisory position. The operator has a time display 
of the entire scheduling situation and can check on the performance of each 
aircraft with respect to the schedule. Wind and air density adjustments are 
made at this position. The three control console operators divide the 
incoming traffic into three sections, make the initial contact with the aircraft, 
and assign them to the system. Each operator continues to monitor the 
aircraft under his control throughout the run. The relay console position is 
controlled by two operators and has facilities for monitoring the automatic 
voice instructions. This position is responsible for the hand over to the 
landing system when the AN/GSN-1I1 portion of the run is concluded. 


To achieve a delivery precision of +9 seconds, the GSN-11 utilizes a 
combination of long-range scheduling followed by gradually tightening 
closed-loop vectoring. 

Aircraft position provided by the radar is supplied to the flight path 
computer by automatic target-tracking equipment in the GSN-11. On the 
basis of aircraft flight characteristics (speed, height, etc.), fed in manually 
from the traffic console during initial acquisition, the computer compares 
the aircraft’s present position with its scheduled time of arrival and deter- 
mines vector headings and descent instructions necessary for achieving the 
desired touchdown timing. Computer orders are automatically translated 
into voice instructions which are radioed to the pilot. The pilot’s conform- 
ance to instructions is detected by the radar response, which closes the 
control loop. 

The primary technique of controlling an aircraft in order to make it 
conform to a schedule is one of path stretching. For example, an aircraft 
reaching the terminal area is assigned an initial arrival schedule which, 
because of conflict with previously scheduled aircraft, requires that it delays 
its arrival 180 seconds beyond the earliest time it could reach touchdown. 
As the aircraft is placed under automatic-voice control, the pilot receives 
an initial offset heading designed to accomplish most of this delay. However, 
the aircraft is rolled onto an approximately radial course when it is still 
30 seconds early with respect to its arrival schedule. At a precisely calculated 
point, the aircraft is instructed to begin a single continuous descent from 
initial to final approach altitude, and is given this instruction at the appro- 
priate time to allow reaching traffic altitude with just sufficient time for 
slow-down and final approach. As the aircraft comes closer to the airport, 
its remaining schedule delay is gradually taken out by a slightly curved 
approach path. As the aircraft nears the turn-on circles, the automatic voice 
message priorities are increased, enhancing the precision with which the 
aircraft is controlled, and tightening the control-loop response. At the 
level-out altitude a last timing correction is made by adjusting the point at 
which the aircraft is commanded to slow down for final approach. Should 


Fig. 1: Typical AN/GSN-11 installation. 
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the particular approach involve a long turn around the turn-circle, addi- 
tional schedule control is achieved by moving the turn-circle to which the 
aircraft is directed. 

As aircraft level out on runway line-up, they are transferred to an ILS or 
GCA approach system, properly spaced not only to prevent overtaking on 
the final approach, but also to achieve a timing precision of +9 seconds at 
touchdown. 


Acquisition and Tracking 


For maintaining continuous target identifications for the human control- 
lers, and to continuously inform the Flight Plan computers of the position 
of each aircraft under control, the GSN-11 includes video equipment 
capable of simultaneously tracking 24 aircraft. Once an aircraft’s radar 
return on the PPI scope is “acquired” by the controller’s “light gun,” a 
rectangle of light appears surrounding the target and follows it across the 
scope. An identifying alpha-numeric symbol is also painted in proximity to 
each target. 

Initial communication with an arriving aircraft is handled through the 
Traffic Console. The controller selects the desired type of video (Beacon, 
Normal, MTI) for best target return and points his “light gun” toward the 
blip of light representing the aircraft. With his left hand, he simultaneously 
selects the unused tracking-channel to be assigned. 

Thereafter, the “range-azimuth” gates generated by the tracker allow 
only radar video in close proximity to the slewed position to enter the 
memory circuits. These same gates are used to point the rectangle of light 
at half-tone brilliance on the radar screen, forming the tracking gate which 
surrounds the target video. 

On each successive sweep of the radar, the range and azimuth gates 
recenter on the target video gated into the memory circuits. Amount of 
position change between antenna rotations forms a “velocity” voltage in 
the memory, which thereafter causes continuous extrapolation of gate 
position between sweeps. If the velocity extrapolation is perfect, the tracking 
gate is already recentered when, on the next antenna sweep, target video 
reappears. 

If target video fades on one antenna rotation, the tracking gate coasts 
on, so as to be centered at the next sweep. If video is absent for 3 rotations, 
the tracking gate automatically widens to at least twice normal size in order 
to recapture the lost target. While tracking gate size is adjustable, a typical 
narrow-gate dimension is 1 mile by 3 degrees. 


Scheduling 


Based on the arrival geometry and rate of descent glide slopes, the 
Flight Plan Computer calculates the shortest flight time from the aircraft’s 
present position to touchdown. Since other arrivals are already scheduled, 
however, their comparison with the new aircraft’s time must be made 
before assigning a schedule. When an aircraft is assigned to a particular 
glide slope, it remains at altitude until it intersects the descent pattern and 
then is brought down on a linear time basis. Thus, as the aircraft descends, 
it is given altitude check points and the aircraft adjusts its descent to keep 
on the descent pattern. Scheduling criteria can be set up to prevent passing 
on the same glide slope and when the glide slope altitude separation reduces 
below a set minimum. 

Fig. 3 shows graphically the altitude plan-position geometry as used in 
the system. Five glide slopes are shown as well as the two-turn-on circles; 


Fig. 3: Functional diagram of the AN/GSN-11 set (explanation in text). 
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the larger one for jets and the smaller one for propellers. The 90-mile 
maximum range shown in the vertical plane is divided into 4 separate zones, 
each of which is adjustable. Final Approach Zone is under the control of 
the landing system. A Level Out Zone is provided to allow slow down to 
final speed and as a minimum altitude for the AN/GSN-11 control. The No 
Pass Zone is set up so that aircraft on different glide slopes do not pass each 
other, and the Cruise Zone is the remaining area where passing can be 
restricted on aircraft which are on the same glide slope. On the horizontal 
plane are shown two turn-on circles. It must be recognized that aircraft can 
be coming around these circles while still descending. Also, all zones are 
indicated with typical dimensions which can be adjusted to suit the situation. 


Computing 


Controlling each of the 18 inbound aircraft is an identical electro- 
mechanical analogue computer. In order to note an aircraft’s present posi- 
tion, compare it with a pre-selected arrival schedule, and determine proper 
control instructions to be radioed via the Auto-Voice synthesizer, a simultan- 
eous solution to a variety of geometrical offset, altitude, timing, and path 
stretching calculations must be made. 

Fig. 4a, b, and c demonstrate the three types of path stretching available in 
the GSN-11—the Arc-Cosine Beta, the Dog Leg and the Teardrop. In 
Fig.4a the Arc-Cosine Beta is so named because the offset heading angle is a 
function of the arc cosine of the error. Utilization of this mode demands 
many communications with the aircraft to indicate the ever-changing 





Fig. 2: To set up a new approach flight path, the traffic controller aims a beam of light 
at the radar blip, and simultaneously selects the working channel. 


course, but it has the advantage of accuracy that continuous minute adjust- 
ment gives. Fig.4b shows the Dog Leg mode. Communications are reduced 
to a minimum in this mode as the aircraft is sent out on an offest heading 
and is turned in when its error approaches zero. After the initial Dog Leg 
pattern, the Arc-Cosine Beta is set in to compensate for small errors remain- 
ing. Fig.4c illustrates the Teardrop pattern which is ideal for jet penetrating 
approaches. The aircraft reports over the beacon at altitude and is assigned 
a schedule which will bring it down in altitude as it comes to the turn-on 
circle. This mode permits the control area to be limited to a sector. It is 
possible to have separate channels using different modes on a number of 
aircraft simultaneously. In addition to the three path stretching techniques, 
provision is made for velocity control to take care of small timing adjust- 
ments. 


Automatic Voice Facility 


The ability of the GSN-11 computer to talk directly to the pilot is of 
particular importance in relieving controller work load and achieving tight 
vectoring control. This is accomplished through the Automatic Voice Relay 
unit, through which the computer selects a correct combination of pre- 
recorded voice phrases by means of relay closures and encoders. 

The same radio frequency is used to transmit Automatic Voice messages 
to as many as three different aircraft. Each message is preceded by an 
identification word such as “Bluebird,” “Cardinal,” etc., indicating the 





wae Ve Ff SS 








Fig. 4 : The three flight path delay methods. The arc cosine method (left) allows constant course corrections to be made through frequent voice radio instructions. The dog leg method 
(centre) is much simpler, as the pilot first holds a delay path (A), which deviates from the direct course, until the calculated delay interval has elapsed, whereupon he is led back (B) 
into the final approach pattern (Turn-On Circle; C for jets, D for propeller aircraft). The teardrop method (right) is specially designed for jet aircraft. After overflying a radio beacon 
(A) on a set course, the aircraft is taken over by the GSN-11 (B) and is led down the computed flight path (C) to touchdown. 


particular aircraft addressed. A priority order of transmission is established 
between messages of differing importance. For instance, if one flight plan 
computer requests an emergency turn for “Bluebird” simultaneously with 
the routine altitude checkpoint message “Cardinal Angels Ten,” the Aout 
Voice unit automatically transmits the emergency-turn message first, it 
being of higher priority. If, after this 5 second delay, the programmed 
altitude for “Cardinal” is still within 200 feet of Angels Ten (10,000 ft) 
this less important 214 second message will be next transmitted. The Auto- 
matic Voice has a vocabulary of 25 different types of message, with al- 
most unlimited numerical combinations therein. An interchangeable priority 
order is established between message types. Other advantages of the AVU 
include uniformity of message intonation and accent, and the possibility 
of handling a foreign language. For reliability, two identical 200-channel 
drums are equipped with automatic switchover in the event of malfunction, 
and the message-forming circuitry includes extensive malfunction-detection 
provisions. 


Other Useful Control Facilities 


Apart from the essential control features already described the equip- 
ment has certain other advantages inherent in it which should not be 
overlooked: 


(a) through being primarily developed for the US Air Force, the equip- 
ment provides the ability to control large-scale military return-to-base 
operations under all-weather conditions, and also high-precision con- 
trol of a single jet approach. This could be of great value in civilian air 
traffic control also; 

(b) only conventional UHF-VHF radio is required; 


Fig. 5: Example of an AN/GSN-11 controlled approach. 
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(c) aircraft can be accepted at any position at random and are not obliged 
to report at a limited number of fixed points; 

(d) aircraft are scheduled according to their optimum performance charac- 
teristics with in-flight time delays consequently reduced to a minimum; 

(e) the system is able to deliver aircraft to the entry gate of a final approach 
system within a standard deviation of plus or minus 9 seconds of 
schedule time. In theory, this permits a rate of 120 aircraft per hour, 
though 60 per hour ‘is quoted as ‘completely safe’, according to the 
Chief of AFCRL’s Control Sciences Laboratory. This figure is twice 
the peak traffic handled by the best of today’s large civil airports under 
IFR conditions. 


Terminal Area Control with the AN/GSN-11 


The AN/GSN-11 system is dependent on a man-machine relationship 
where both play an important part in the overall control picture. The most 
flexible and reliable computer is still the human being. In this system, the 
controller plays a vital role, first in adapting the system to the particular 
problem; and second, in serving as the backup in emergencies and equip- 
ment failure. In the adaptive role, he must assign tracking gates, set up 
parameters on the area, weather, and aircraft characteristics, and must 
accept control from some other system and turn over control to the landing 
system. In the emergency and backup role, he must give preferential treat- 
ment to aircraft in the emergency condition, use manual techniques should 
the equipment fail, monitor collision possibilities and keep a watchful eye 
on aircraft in the area which are not under control of the system. 

High traffic rates and more efficient systems are going to demand 
sacrifices on the part of everyone involved in the control picture. Aircraft 
will be told how to fly and will be restricted in their flight patterns, control- 
lers will have to give up their routine tasks to the more efficient and large 
capacity electronic computers, and aircraft arrival and departure schedules 
will have to be subjected to a flow control or queuing is bound to result. 

By landing aircraft faster, the GSN-11 reduces the number of aircraft 
aloft, and cuts congestion in the terminal area. Its pilot-procedures are fast 
and simple, minimize manoeuvering, and allow pilots to remain safely at 
high-altitude until time for an uninterrupted descent to the runway. 


Economic Considerations 


The complexity of the system raises the question of economic practicality. 
Several factors indicate that this system approach is, in fact, a most in- 
expensive and effective way to handle the terminal area problem. To begin 
with, the AN/GSN-11 is channelized, consequently, the total number of 
units deployed at any given airport can be chosen according to the traffic 
density. In operation, the equipment drastically reduces the waiting time for 
departure aircraft and the time in a stack for arriving aircraft. With proper 
flow control, stacks can be eliminated entirely, permitting aircraft to fly 
directly in without holding. In effect, this equipment provides traffic handling 
capacity in IFR conditions which is practically equal to that in VFR condi- 
tions, thus getting rid of the traffic bottlenecks that occur with weather 
problems. Controlled altitude descent and scheduling to touchdown permits 
aircraft to remain at altitude as long as possible, providing substantial fuel 
economies especially for jet aircraft. In addition, the controller’s routine job 
is accomplished automatically, thereby reserving the controller’s judgment 
and action for the unusual or emergency situations, which results directly 
in greater safety and greater efficiency. ~~ 
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Round the World by TAI Jet 


Tahiti, Cross-roads of the Pacific ... and Far-flung Paradise 


by Georges Février, Interavia, Paris 


Shall I ever return to Tahiti ? 


Tradition demands that, when leaving Tahiti, 
you cast into the sea the garlands of flowers put 
round your neck by those who are staying behind. 
If they float back towards the shore, it is a sure 
sign that you will one day return. 

But if it is easy to throw these flowers over 
a ship’s rail, if it is still possible to do so 
through the door of a Catalina or of a Bermuda, 
there could be no question of re-opening the 
airtight door of F. BUIZ, the TAI DC-8 carrying 
me far from the Happy Isles. 

Eleven years ago, I reconnoitred the France- 
Polynesia route, flying in a Consiellation and in 
a DC-4 via Southern Asia, Australia, New 
Caledonia, the Fiji Islands, and the Cook 
Islands. At the time, my friends and I covered 
some 31,250 miles—145 hours’ flying in 19 days. 
We spent four days at Papeete. 

I then wrote “...the Constellation—this ex- 
press—linking Paris to Saigon in 32 hours (a 
remarkable feat) is only a step. It is still not fast 
enough. Tomorrow people will want to fly from 
Paris to Indo-China (now Viet-Nam) in a single 
stage, covering these 7,500 miles in one day, and 
with better things in mind.” 

It is not difficult to make prophecies in avia- 
tion! The only risk is that progress will overtake 
your predictions. 

Once again, I have experienced a flight round 
the world—the first to be made under the French 
flag—timed so that the arrival date at Tahiti of 
the TAI (Compagnie des Transports Aériens 


Intercontinentaux) aircraft coincided with the 
official opening of the runway at Faaa (a genuine 
Tahitian name, not a typographical error!). 

Here is the outline of this world-tour: 13 days’ 
overall, 61 hours’ flying, and 9 days in the islands! 
It marked the culmination of the efforts of the 
TAI, which can at last utilize its jet aircraft along 
its complete Paris-Los Angeles route, via Iran, 
Pakistan, India, Viet-Nam, Indonesia, the Fiji 
Islands, Tahiti and Honolulu—the longest route 
in the world. An agreement with Air-France, 
which charters a TAI machine once a week for 
use on its Paris-Los Angeles route, allows the 
traveller to go right round the world, partly 
astride the Equator, and on one and the same 
aircraft flying the tricolore. 

We are indeed far from the DC-4s and the 
Catalinas which used to pick up the passengers 
from Paris at Noumea. 


A unique runway 


At the beginning of its operations in the Pacific, 
TAI used the Morumite runway (built by the 
Americans during the war) on Bora Bora Island 
in the Leeward group; the flight from Bora Bora 
to Tahiti was made by seaplanes, which took off 
and alighted on the lagoons. But Bora Bora, 
perhaps the most beautiful island in the world, 
has very limited hotel resources. And the break 
in order to get to Papeete, especially after a long 
journey by jet, would not have been very palatable 
to the passengers. 


The 11,000-ft-long runway at Faaa has been entirely reclaimed from the lagoon; it is situated in the west of the island 
and runs SW-NE. In the background can be seen the town of Papeete. 


os 
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In 1956, France started to envisage the con- 
struction of a runway at Papeete. But Georges 
Meunier, Director of Aerial Bases at SGAC, and 
his staff, very soon established that it would be 
impossible to plant an aerodrome on the tiny 
volcanic island of Tahiti, where there is no pla- 
teau. Then they decided to build up part of the 
coral reef at Faaa a few miles outside the town 
itself, to raise it “out of the water.” The work, 
which had been started at the beginning of 1959, 
was entrusted to the Société Francaise d’Entre- 
prise de Dragages et de Travaux Publics. In 
October 1960, the runway, made of basaltic rock 
from the river Pumaru, coral, clay, pebbles, and 
lastly 5 ft of concrete, was used by the TAI DC-6s 
and DC-7s (these machines used to connect at 
Noumea with the DC-8s from Paris). It has just 
been extended to 11,000 ft. The total cost was 
three thousand million old francs. 

Since the runway is built near the seaplane 
base, the buildings already in existence can still 
be used, but a new airport and hangars (costing 
650 million old francs) are under construction. 
They will be ready in 18 months, and at the 
same time an ILS and a radio-communications 
centre are to be installed. 

The remaining islands of the Polynesian 
Archipelago, namely the Leeward Islands and the 
Society Islands, are at present served by a Short 
seaplane operated by RAI (Réseau Aérien Inter- 
insulaire, affiliated to TAI). But seaplanes are 
hardly being produced any longer... nor are there 
many seaplane pilots to be found. Accordingly, 
the construction of small runways (e.g. at 
Raiatea) suitable for DC-3s, and later on for 
Super Broussards, is under consideration. 


A far-flung paradise 


But, as you can easily imagine, the Society 
Islands and the Leeward Islands have many 
points of interest apart from the runway at Faaa, 
unique as that may be. 

The incomparable beauty spots, the magic of 
the colours, bounteous nature, and the warm 
and smiling hospitality of the local inhabitants, 
make these islands a real paradise. 

Do you know a place on earth where the 
weather is practically always fine? Where, in 
spite of the luxuriant vegetation, neither wild 
animals nor snakes are found? Where the insects 
do not bite and bathers are protected from sharks 
by an impenetrable barrier of multi-coloured 
coral? Where, last but not least, the inhabitants 
are not commercially minded? In fact, they 
scorn and despise money to such an extent that 
I have seen dancers push away with their bare 
feet ten-dollar bills thrown to them by tourists. 

Eleven years ago I wrote: “The very distance 
of these islands—45 to 50 days journey by sea 
from any point in Europe—has preserved them 
as they were at the time of Cook and Bougain- 
ville, unmarred by civilization. Will aviation not 
spoil these places by opening them up to inter- 
national tourism ?” 

For three years, TAI has been regularly 
exploiting the France-Polynesia route and every 
week TEAL /(Electras) and SPAL (Super 
Constellations) deliver tourists from Australia, 
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The two tricolore routes round the world. 


New Zealand, and the US West Coast. And it 
goes without saying that TAI’s even faster jet 
service will bring a substantial increase in the 
flow of tourists. 


I believe, however, that my fears were not 
justified. Firstly, the authorities have wisely 
limited the height of buildings to three storeys, and 
have required hotels to be built in traditional 
Tahitian style. Secondly, and most important, 
there is the Tahitian outlook on life, of which 
I have already given an instance, and which is 
confirmed by the hotel registration form to be 
filled in upon your arrival, which reminds you 
that “Tipping is contrary to the laws of Tahitian 
hospitality: please conform to this custom.” 





OUR TRIP ROUND THE WORLD 


Distance Flying Time 
(miles) 
Paris-Montreal 3,563 7h 35 
Montreal-Los Angeles 2,594 5h 20 
Los Angeles-Honolulu 2,585 5 h 30 
Honolulu-Papeete 2,755 5h 35 
Papeete-Nandi 2,320 4h45 


Nandi-Noumea 812 2h 


Noumea-Sydney 1,290 3h 10 
Sydney-Port Darwin 1,980 4h 25 
Port Darwin-Djakarta 1,530 3h 40 
Djakarta-Saigon 1,200 2h 35 
Saigon-Bangkok 475 1h 20 
Bangkok-Karachi 2,350 4h 45 
Karachi-Teheran 1,140 2h 50 
Teheran-Rome 2,437 5h 

Rome-Paris 750 1h 50 


27,781 miles 60 h 20 mins 


Like Jules Verne’s Phileas Fogg, we gained a day by 
going round the world from East to West and cross- 
ing the dateline between Papeete and Nandi. 
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You would humiliate and anger your porter or 
laundress by proffering the traditional tip. This 
contempt for money (it is true that little enough 
is needed: fruits and coconuts are common 
property and the fish need no bait) is the best 
safeguard of Tahiti’s idyllic way of life. 


The perfect holiday 


In making the journey to Tahiti a matter of a 
mere ten hours from Los Angeles or Sydney, and 
a day and a half from Paris (24 hours flying 
time), TAI opens up new and superb horizons 
for you. You will be enchanted by the singers and 
dancers, you will be able to explore the tepid 
waters of the lagoons and discover fish of colours 
that are beyond the wildest imagination of a 
painter. You can enjoy superb fishing, sail in a 
canoe or motor boat, and also explore other 
islands even wilder and more beautiful than 
Tahiti. The inter-island air service RAI (Réseau 
Aérien Interinsulaire) will take you to Bora 
Bora, Raiatea, to the Touamotous and to the 
Gambier Islands. There is only one disadvantage: 
life is so pleasant in this paradise that perhaps 
you will be tempted to remain there. 

One further word of advice. If you come home 
by the “long route” (Australia and the East 
Indies), stay for a few days at Noumea and at 
Bangkok. The Island of Pines and the Klongs of 
Thailand will remain as unforgettable memories. 


Tahiti, the cross-roads of the Pacific 


In the Pacific, as elsewhere, air transport has 
transformed and will continue to change the life 
of the population. For example, during the past 
year the air companies throughout the Pacific 
offered more than a million seats, while the 
shipping companies offered only 150,000 bunks. 


This year, the introduction of the TAI DC-8s 
into service will improve the balance of air 
transport even further. Relatively short journey 
times (considering the distances involved), 
excellent service, and a superb cuisine are further 
arguments to persuade the tourists from Europe, 
America, and Australia to spend their vacations 
in Papeete .. . which will soon have its own golf 
course. 





























































But soon visitors will be coming from other 
continents. Tahiti is, in fact, the crossing point 
of the routes between North America and Central 
and Latin America on one side, and Japan, 
China, South-East Asia, and Australia on the 
other. 


That tireless “discoverer” of airfields, Colonel 
Louis Castex, has already prepared a map which 
foresees the connections Tokyo-Tahiti via Wake 
Island and Canton; Tahiti-Santiago (Chile) via 
Mangareva and Easter Island, a route which 
could be extended to South Africa via Buenos 
Aires and Tristan de Cunha; Tahiti-Acapulco; 
and Tahiti-Lima via Hao. The sector Hao-Lima 
is 3,632 nautical miles, and the crossing would be 
perfectly feasible. if an airfield existed at Hao, 
as TAI carry out a weekly service between Los 
Angeles and Tahiti, a distance of 3,505 nautical 
miles. 


This remote little island, this far-away paradise, 


will soon be the cross-roads of the Pacific Ocean. 
oe 





We stop at Honolulu. Left to right: M. Carour, General 
Manager of Messageries Maritimes; General Fayet, 
Chairman of TAI; Messrs J. Roos, Chairman of Air 
France, and G. Meunier, Director of Air Bases at SGAC: 
Mme. Roos. 


The charming invitation of the Tahitian dancers to join 
the dance. . 
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Bitte anschnallen... 


Please Fasten Your Seat Belts 


Flying is a serious enough affair, but it would be the 
last straw if pilots lost their sense of humour. One 


who has certainly not done so is Flight Captain Rudolf 


Braunburg, the author of a good-humoured, pleasantly 
illustrated, pink-bound little book entitled “Bitte 
anschnallen” and just published by Kumm-Verlag, 
Offenbach am Main. Whether flying an old freighter 
from Hamburg to Munich or crossing the Atlantic in a 
jet-liner, Captain Braunburg has the knack of seeing the 
funny side of both piloting and ATC. For the amuse- 
ment of our non-German-speaking readers, we are 
presenting a few extracts in translation. 
The Editors. 





An anxious passenger on his first flight asked the ste- 
wardess to hold his hand, which she did. On the return 
trip, however, she politely declined the same request. 
“Sorry, Sir, but I have to perform this service in the 
cockpit—this time it’s our Captain’s maiden flight.” 


...When a flight is called, the situation is reminiscent 
of the intermission bell at the theatre. At this point, 
therefore, let us give the uninitiated some—hitherto 
unpublished—illustrations of the loudspeaker an- 
nouncement ritual. First call: “Please proceed to the 
exit” should be understood as “There’s still time for 
several elaborate cocktails at the airport bar”. Second 
call: there’s still time for a straightforward drink, 
such as a gin and tonic, particularly if the barman is 
not already engaged in mixing a flip (an activity 
which takes up quite some time because of the eggs 
involved). Third call: quickly order something un- 
complicated or actually start paying, according to 
whether the announcer used the word /ast or final. 

* 


. .. Whenever a large number of aircraft arrive over 
the airport in bad weather conditions, they are 
directed into a so-called holding area, where each 
aircraft circles around at its allotted level. From time 


“Pay now! Fly later!” ... Don’t we dimly remember 
having this slogan, or the like, before? 
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to time, the lowest aircraft is called down to land, 
whereupon all the others on the merry-go-round slip 
down one step, like the packets in a cigarette-machine. 
Once upon a time, the topmost aircraft, number eight 
on the waiting-list, became impatient and put a 
request over the radio for ground control to put a 
spurt on, as fuel reserves were gradually running low. 
“Sorry,” replied contro! tower, “but all the chaps in 
front of you are in much the same position. You must 
wait your turn.” For the ensuing half hour, not a 
sound was heard from the plane, and all attempts to 
make contact were in vain. Then, at last, up came 

No. 8” over the radio: “O.K., we’re back !” “Why 
the hell have you kept silence all this time?” snapped 
control. “My apologies” replied the pilot, “We just 
made a quick landing to refuel, but now we’re up top 
again, and can comfortably wait another five hours.” 

~ 

... One day we landed at Athens, and after the 
crew had split up into two unequal parties, the larger 
contingent pushing off to the beach at Piraeus, and 
the smaller wending its way to the Acropolis, there 
seemed to be nothing in the way of a return to anti- 
quity... 

To ensure a perfect conducted tour of real cultural 
and historical value, we had engaged a student from 
the Academy of Art, who was equally at home in 
ancient archaeology and modern English. This was 
the first mistake. Professional pilots are at one with 
postmen, secretaries, shop assistants, and indeed 
many other trades, in that the last thing they want to 
do off duty is talk shop. So, once the door of the 
cockpit had closed behind us, our one consuming 
desire was to abandon ourselves entirely to the 
architectural mysteries of the Propylaeum, the Erech- 
theion, and the Parthenon. The late-afternoon sun was 
bathing the Temple of Nike in ochre-coloured light, 
and a trace of gold flickered above the gable of the 
Temple of Athene. We were gazing at the steep steps 
leading to the gateway. It was at this point that our 
student enquired: “Did you fly over from Germany ? 
Isn’t that rather expensive?” We pointed out that, on 
the contrary, we had actually been paid for coming. 
“Oh,” said our guide, looking at me intently, “so 
you’re a steward.” 

False pride is not one of my failings, but I felt 
myself compelled to set the record straight. This was 
mistake number two, for it set off the now delighted 
student: “Isn’t that wonderful ! I’d like to switch over 
to aerodynamics. And, tell me, what does the hy- 
draulic system of the Super-Constellation look like? 
Is it really true that ...?” 

And so the conversation turned into a game of 
question and answer, which could well serve as a type 
sample of a political discussion ... I refer, needless 
to say, to the fact that from then on our exchanges 
were entirely at cross-purposes. 

We : Doesn’t the design of the temples go back to 
the prehistoric Megaron dwellings? 

Student : Yes. Can you lower an airliner’s under- 
carriage even if the hydraulic system fails? 

We: Yes. What exactly is the tympanum of a 
temple? 

Student : The triangular framework formed by the 
cornice of the gable. Is it possible to shut off a 
damaged leaking circuit with a valve? I should 
imagine... 

We: With the cross-over valve. Are we right in 
thinking that the Erechtheion wasn’t completed until 
after the death of Pericles? 

Student : Yes, that’s right. Would you mind making 
me a sketch of how a hydraulic system works?... 

And so we found ourselves scratching away with 
a stick in the venerable sand of the Acropolis, drawing 
vent pipes, return-valves, pressurisers, regulator 
pumps, and suction-connections, and one of us stood 
on the sacred steps of the Parthenon, using arms, 
legs, and fingers to demon trate how the retraction 
mechanism of the Super-Constellation landing-gear 
works. When we finally descended the tourist- 
thronged steps, we had arrived at the air-conditioning 
plant via the lubrication system and the efficiency of 
the propellers. * 

... I made the acquaintance of that major in the 
good old days of flying, that is about two years ago, 
before the Boeing had reduced the complex North 
Atlantic crossing to the status of a mere medium-haul 








“Fly longer! More time to eat! ... by SLOW-AIR, the 
slowest airline in the world.” 


run of four hours ... Our first differences of opinion 
cropped up when, at an altitude of 20,000 ft, we 
pointed to some rows of lights far below us and 
explained to the major: “The landing runway at 
Shannon Airport in Ireland!” The major looked 
suspiciously at each of us in turn and ventured an 
estimate: “We're still pretty high, eh?” “What do 
you mean, high? This is a nonstop flight to Canada!” 

“Impossible!” said the major. 

“How come?” We asked. 

“Because there’s duty-free whisky waiting down 
there !” said our major. 

No one knew this better than we, but unfortunately 
the headwinds were not so well disposed towards us 
at every crossing as to necessitate an intermediate 
landing in Shannon for refuelling. 

“I’m going down the other end !” said the major, 
now adopting a threatening tone, “and if this damned 
machine isn’t standing on the ground in Shannon 
within 20 minutes, I’ll tear the whole thing to pieces 
with my bare hands. Take it or leave it !”. . . Eighteen 
minutes later, we rolled to a halt on the runway at 
Shannon. 

The layman who now assumes that, like hunting 
and fishing, flying has its own special jargon, should 
on this occasion turn his attention to the fire-warn- 
ing system of a modern passenger liner. This device, 
which announces an engine fire, suddenly went into 
action with a red lamp and a shrill bell. In other 
words, number three engine was on fire, an occurrence 
which had no mean effect on whisky sales that even- 
ing. Although there was no trace of fire in the engine, 
we stopped it as laid down in the operations manual, 
and proceeded to land on this most promising airport 
with a rush which certainly infringed all existing 
regulations. We knew for whom the beil had tolled 
and, although ground checks established that the fire 
alarm had been caused by an electrical short circuit, 
supplies of VAT 69 and White Horse had been 
assured. 

The major, for his part, was full of praise. “Top- 
hole invention, that whisky bel!” was his enthusiastic 
comment. 
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Space Trajectories. — Edited by T. C. Helvey. — 
Academic Press Inc., London and New York, 1960 
(English; 298 pages with numerous illustrations, 
tables, and diagrams; price $12.00). 


The American Astronautical Society, the Advanced 
Research Projects Agency, and the Research Division 
of Radiation, Inc. sponsored a two-day symposium, 
held on December 14-15th, 1959, whose aims were a 
comprehensive survey and exchange of ideas in the 
field of space trajectory analysis; the papers presented 
at these meetings, together with the edited discussions, 
are presented in this volume. 

The arcane complexities of space navigation and 
trajectory computation are reviewed in the precise, 
but arduous, language of the new astronautic disci- 
plines. Some of the main subjects covered are: 
astrodynamics, computer programmes for space 
missions, space-borne computer design, space ma- 
nceuvres, Orbit determination, and re-entry problems. 

These matters are treated in some detail, and the 
liberal use of formulas, diagrams, and graphs, along 
with the expository text, confers a survey-in-depth 
character to this volume, which can render valuable 
reference service to the practising engineer or scientist ; 
it is not likely to gather dust on the shelf after a 
perfunctory perusal. 

The well-educated layman will glean a few interest- 
ing facts from this book, and he will gain a better 
superficial understanding of space vehicle trajectory 
problems, but he will not derive maximum benefit, as 
much of the material will be beyond his ken. EE. 


Jet Tanker. — By Lt. Col. Grover Heiman, USAF.— 
Holt, Rinehart and Winston Inc., New York, 1961 
(English; 189 pages; cloth-bound; price $3.50). 
This story of the experiences of a young officer, 

co-pilot in a jet tanker crew, gives an interesting 
picture of air-refuelling operations of the Boeing 
KC-135 Stratotanker, of the long hours of practice 
flying, and of the incidents which arise during such 
training. This entertaining and, at the same time, 
instructive book will leave the reader in no doubt that 
training in Strategic Air Command is hard but 
essential. Des. 


It’s Further Via Gibraltar.— By Patrick Gibbs. 
Faber & Faber, London, 1961 (English; 144 pages; 
price 15s; clothbound). 


“Get away from the scene of the crash, as far and 
as fast as you can. Burn your aircraft and then run 
like hell. And head South. Spain’s the place to make 
for; remember that it may be further via Gibraltar, 
but it’s a lot safer than trying to cross the Channel.” 
So ran the Air Ministry advice which the author, then 
a fighter pilot in the RAF, followed when his Spitfire 
was shot down in the Pas de Calais area in July 1941. 

We are offered a straightforward account of how 
a courageous and resourceful officer made his way 
across occupied and unoccupied France, and thence 
through Spain to Gibraltar. His first attempt took 
him as far as the Pyrenees and was accomplished with 
the selfless help of individual French citizens he 
happened to encounter. The story ends ten weeks 
after it begins, with Gibbs again visiting the Pas de 
Calais area—piloting his own fighter. A book for 
those with a taste for wartime reminiscence and for 
younger people who enjoy adventure. MT. 


Human Factors in Jet and Space Travel. — Edited by 
S. B. Sells and Charles A. Berry. The Ronald Press 
Company, New York, 1961. (English; numerous 
graphs, tables and _ illustrations; 386 pages; 
price $12.00.) 

The editors of this book, who also contribute three 
of the sections, have assembled contributions from 
eleven authors who are specialists in particular fields 
of aviation medicine. The range of topics covered in 
the fourteen sections is illustrative of the continued 
efforts that are required on the part of the flight 
surgeon, engineer, psychologist, and physiologist, if 
man is to extend the horizons of flight. 

Many of the problems encountered and overcome 
by military aviation in the realms of high speed and 


Book Reviews 


high altitude flight are unknown to the jet passenger 
of today. That they have been met and overcome is 
evidenced by the existence of the commercial jet air- 
craft. Similarly, man’s first tentative steps into space 
present problems of adaptation to enable him to face 
a hostile and little known environment. 

The scope of the contributions, ranging as they do 
from medicine to engineering, is itself indicative of 
the manifold problems to be solved. The accent, 
however, is not on space flight alone. Many of the 
articles have current application to commercial 
aviation and to aircraft design today. The contributors 
have made no attempt to “write down” to a popular 
public but the material is perfectly comprehensible to 
the interested layman. For this reason, the editors are 
to be congratulated on preparing this work, for the 
topics covered make it absorbing reading. EE. 


Lezioni sulla scienza del progetto degli aeromobili. — 
By Professor G. Gabrielli. Levrotto & Bella, Turin, 
1961 (Italian, 273 pages, profusely illustrated). 


Professor Gabrielli, well known as the Head of 
Fiat’s Divisione Aviazione as well as for his theore- 
tical studies in the field of aeronautics, needs no 
introduction to the readers of Interavia. This is the 
first volume of the textbook of his course at the Turin 
Polytechnic, and, in the author’s words, deals with 
some fundamental aspects of aerostatics and aero- 
dynamics, including a substantial chapter dealing 
with scale model tests. A second volume, dealing 
specifically with aircraft, will follow next year. 

EE. 


Lexikon der Hochfrequenz-, Nachrichten- und Elektro- 
technik. — Volume 5 (of dictionary). — Edited by 
Curt Rint. — Porta-Verlag KG, Munich and Verlag 
Technik, Berlin, 1961 (English, French, Russian; 
409 pages; price DM 19.80). 


The volume in question is the fifth and final one of 
this dictionary of technical terms in the high fre- 
quency, communications, and electro-technical fields. 
The first four volumes catalogued the German terms, 
incorporating careful definitions in German plus— 
in each case—the equivalent English, French and 
Russian terms. This volume cross-indexes the terms 
in each of the four languages separately and, in con- 
junction with the first four volumes (it is of no value 
alone), enables translation from any of the languages 
into any other; at the same time, it adds some new or 
revised terms (asterisked), which are not contained 
in the earlier volumes. For German-speaking users, 
this work undoubtedly meets an important need. In 
English-speaking countries, however, its practical 
value is probably limited largely to specialized refer- 
ence libraries or for users with a good knowledge of 
German. 

MT. 


Energy Theorems and Structural Analysis.— By 
J. H. Argyris and S. Kelsey (co-author of Part I1).— 
Butterworth & Co. (Publishers) Ltd., London, 
1960 (English; 85 pages; price 21s). 


Over six years ago, a series of articles was published 
in Aircraft Engineering magazine, dealing with basic 
methods of structural analysis and their application in 
aeronautical engineering. In view of the persistent 
demand for reprints of the various individual articles, 
the author was led to arrange them in book form, 
corrected and brought up-to-date with references to 
recent literature. 

As stated in the preface, this text is limited to 
energy principles of analysis, for structures and mate- 
rials within the elastic range, whether or not they 
respond in the strictly linear manner of Hooke’s Law. 
Stability problems are not explored. 

The first part deals with the concept of strain energy 
in general. It concludes with a discussion of the 
various methods based on the principles of virtual 
displacement and virtual work (Castigliano, Unit 
Load, and the approximate methods of Rayleigh-Ritz 
and Galerkin). The main part of the book is devoted to 
strain energy methods, which go back to Mueller- 
Breslau in part, and which have long been used in 


civil engineering. The applications of matrix methods 
in the analysis of structural problems are developed 
with particular thoroughness, as they provide a means 
of handling highly statically indeterminate systems 
with .only relatively elementary mathematics. The 
substantial calculations is no handicap in this age of 
electronic digital computers. The numerous illustrative 
examples in the aeronautical engineering field should 
be welcome to both students and practising engineers. 
In the second part—which was earlier the appendix, 
and whose scope and content requires only 13 pages— 
are to be found special applications of the previously 
derived methods to the calculations of thermal 
stresses (the examples worked are a thin-walled ring 
and a rectangular plate), and finally, to torsion 
stresses in thin sections. Pr. 


Die Berechnung von rotierenden Scheiben und Schalen. 
—By Kurt Léffler.—Springer-Verlag, Berlin/Gét- 
tingen/Heidelberg, 1961 (German; 241 pages; 
92 illustrations; price, clothbound, DM 42.—). 


As chief of the engine dynamics division of the 
Daimler-Benz Company in Stuttgart, the author is 
well acquainted with the problems faced by the 
practising designer. Although its presentation is 
highly mathematical, the book avoids questions of 
purely theoretical interest, and primarily emphasizes 
design methods applicable to rotating bodies, which 
are the key components of compressors and turbines. 
The table of contents lists such subjects as: ... disks 
of uniform thickness disks of non-uniform 
cross-section ... vibration stresses ... disk warping 
... application of matrix calculation methods to the 
design of rotating disks with no plane of symmetry... 

Inasmuch as the text is clear and logically organized, 
the author may be commended for having attained 
the goal he set himself, which he thus describes in the 
introduction: “... to set forth the applications of 
well-known calculation methods to the design of 
asymmetrical rotating disks in such a manner that 
the practising engineer will lose his fear of complicated 
differential equations.” Ge. 


Technische Strémungslehre. — Sixth revised Edition. 
— By Bruno Eck. — Springer-Verlag, Berlin/ 
Géttingen/Heidelberg, 1961 (German; 453 pages; 
454 illustrations; cloth-bound, price DM 31.50). 


The fourth and fifth editions of this work (“Theory 
of Flow for Engineers”) have previously been re- 
viewed in detail in these columns, and it is only 
necessary to mention here that the work has again 
been brought up to date. In particular, progress 
achieved in recent years in the field of the dynamics of 
gases is marked by revision of the relevant sections, 
and the chapter on the phenomena of separation has 
been expanded. 

At the same time, to keep down the length of the 
volume, out-of-date matter has been expunged. This 
book is much esteemed amongst engineers and 
students, and the determined efforts of those res- 
ponsible to keep it abreast of developments is much 
appreciated. Ge. 


Handbuch der Astronautik.— Volume 1, instal- 
ments 5 and 6—Edited by Karl Schiitte and Hans 
K. Kaiser.—Akademische Verlagsgesellschaft Athe- 
naion, Dr. Albert Hachfeld, Constance, 1960 
(German, English; 32 pages each; one and two 
tables respectively; numerous illustrations; paper- 
back; price DM 5.20 each). 


Here are two further instalments in the series of 
admirable contributions on space research, nos. 1-4 of 
which were reviewed in Interavia 12/1960, page 1572. 
Instalment no. 5 (in English) concludes the chapter 
on heat transfer problems in liquid-propellant rockets 
by J. Smith and George P. Sutton, and is directed 
mainly to specialists. This is followed by Robert P. 
Haviland (in English) on the applications of artificial 
satellites (earth survey, meteorological observation, 
communications, etc.) which is, on the other hand, of 
more general interest. Starting in no. 5 and con- 
cluding in no. 6 is a contribution by J. Eugsters (in 
German), which deals with his investigation into the 
very topical subject of cosmic radiation and its 
significance for manned spaceflight. Also in no. 6 is 
part of a thorough investigation into basic rocket 
theory (in German) by W. Alvermann and W. Lohse. 
Numerous diagrams, drawings, and photographs are 
provided, and simplify the various articles for the 
reader. Later instalments will include contributions by 
Siegfried J. Gerathewohl and Krafft A. Ehricke. 

De. 
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Lufttiichtigkeit. Priifung und Zulassung des Luftfahrt- 
geriites. — Volume 7 of the series: Die Biicher der 
Luftfahrtpraxis—By Josef Matschego.—Hanns 
Reich Verlag, Munich, 1960 (German, 176 pages). 


Where technical matters encroach on our everyday 
life—and they do so more and more all the time—they 
affect the interests and rights of every human being 
and accordingly become the object of legal regulation. 
This gives rise to a link between two systems of 
science and philosophy which are completely strange 
to each other. In this age of constant striving after 
specialization, it becomes more and more difficult to 
bridge the wide gap between technicians and lawyers, 
and to find a common language. 

This book succeeds in closing a gap of this kind. 
With the growing complexity and larger number of 
aircraft in daily use, stringent requirements must be 
laid down as to their operational safety. Such safety 
is, of course, in the public interest and therefore falls 
within the scope of legislative bodies. While the 
engineer is responsible for the preparation of the basic 
technical principles and their constant updating, it is 
for the jurist to codify the pertinent regulations and 
to incorporate them in legislation. 

As the Head of the Airworthiness Section of the 
Federal Aviation Office, the author is certainly the 
expert in West Germany best qualified to deal with 
both the technical and legal aspects of the testing and 
certification of aircraft. The first part of this book, 
which is within the layman’s grasp, acquaints the 
reader with general technical questions. With constant 
reference to international regulations, the author takes 
care not to lose himself in detail, but attaches much 
more importance to fundamentals and to explanatory 
comment. This section should prove particularly 
valuable reading for all those who are prone to ascribe 
excessive costs and time-consuming certification pro- 
cedures to administrative pettifogging. The second 
part is devoted to current laws and regulations in 
force in West Germany. Here, the technician will find 
the regulations of importance to him, with comments 
thereon. 

All in all, a carefully balanced, well-rounded pre- 
sentation of a subject affecting all those who design, 
build, or operate aircraft. While the book is under- 
standably oriented toward German requirements, 
it should also be of interest abroad, especially in 
countries exporting to Germany aviation matériel 
which requires certification at destination. Pr. 


Flieger-Jahrbuch 1961. — Edited by Heinz A. F. 
Schmidt. Transpress VEB Verlag fiir Verkehrs- 
wesen, Berlin, 1960 (German; 172 pages; numerous 
illustrations; clothbound; price 14.80 DM). 


This fourth issue of the Flight Yearbook contri- 
butes interesting material concerning civil aviation in 
Eastern European countries. For example, Rudolf 
Ronai, General Manager of Civil Aviation of the 
Hungarian People’s Republic, gives a detailed descrip- 
tion of the Hungarian air transportation system, and 
Jan Zwierzynski, Director of the Civil Aviation 
Administration in the Ministry of Transport of the 
Polish People’s Republic, presents a clear description 
of civil aviation activities in Poland. The following 
articles will be found particularly valuable by those 
who are interested in technical matters: development 
of the Dresden 152 jet airliner and its power plant; 
survey of STOL and turboprop aircraft; introduction 
to astronomical navigation. Sports flying enthusiasts 
will find a description of the newest private aircraft 
and sailplanes, and an article on sports flying in 
Bulgaria. Needless to say, no article is without its 
allusions to the advantages of the socialistic organiza- 
tion of economic activity. Aside from this, the good 
photographs, some of which are in colour, and the 
clear drawings in this yearbook all contribute to make 
it an interesting survey of aviation behind the Iron 
Curtain. 


Elsevier’s Dictionary of Electronics and Waveguides, 
Russian Supplement. — By W. E. Clason. — 
Elsevier Publishing Company, Amsterdam/London/ 
New York/Princeton, 1961 (Russian; 57 pages; 
price D.M. 24.—; paper-back). 


This is a supplement to the Dictionary of Electro- 
nics and Waveguides in six languages, already 
reviewed in Interavia 3/1958, containing the corre- 
sponding Russian technical terms. The expressions 
given in the original work are numbered serially and 
the Russian equivalents in the volume under review 
bear corresponding numbers. There is, accordingly, 
no difficulty in translating any of the Russian words 
and expressions listed into any of the six languages 
covered by the original dictionary. Eb. 
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Sa Majesté Caravelle. — By Olivier Pech. — Editions 
France-Empire, Paris, 1961 (French, 285 pages). 


This work by Olivier Pech of Sud-Aviation offers 
a somewhat unusual mixture of highly reliable source 
material, nicely spiced with humour, and a certain 
sense of heroism and grandeur. The Caravelle is 
an aircraft which is the fruit of persistence and of the 
creative spirit, and this book covers its history from 
the first working drawing to the use of the aircraft 
in commercial operation. As a good illustration of the 
achievements of modern industry, this book will 
contribute to popularizing aeronautics. Pi. 


Civil Engineering Reference Book (Second Edition).— 
Edited by J. Comrie. — Butterworth & Co. (Pub- 
lishers) Ltd., London, 1961 (English; 4 volumes, 
about 500 pages each; numerous graphs, tables, 
and drawings; price, complete, £17.17s). 


The headlong pace of technological progress in all 
engineering fields materially shortens the useful life 
of the reference texts upon which the practising 
engineer relies for information and guidance in the 
solution of problems lying outside of his own area of 
specialization. In the decade since this valuable 
reference work was first published, certain trends in 
modern life have accentuated and accelerated the 
demands which must be satisfied by civil engineering 
works. The population explosion, for example, creates 
new needs for water and power supplies, while in 
transportation, higher land and air speeds render 
highways and airports obsolete before they have time 
to ‘“‘wear out.”” 

It is felt that in certain key areas this second edition 
needs strengthening and further updating; it lacks 
emphasis on airports, highways, water supply, and 
sewage and industrial waste treatment. Sixty pages are 
devoted to railways, which is as much as is assigned to 
highways and airports together; yet today the latter 
constitute the vast majority of all construction in the 
field of transportation. In the airport section, the 
advent of jet aircraft is marked by only one sentence, 
and the reader is referred to an ICAO publication for 
much of the design procedure of runway pavements 
for multi-wheeled undercarriages. Heliports are not 
mentioned, nor are ancillary airport facilities, such as 
underground hydrant fuelling systems adequately 
described. 

The sections on water supply and coastal engineer- 
ing are too narrowly oriented toward British prob- 
lems, and such significant developments in break- 
water protection as tetrapods are barely mentioned. 
Modern techniques in the selection of design wave 
heights for marine structures are only hinted at, 
despite their importance today as offshore platforms 
for radar devices and oil drilling rigs. 

The applications of electronic computers to such 
fields as highway planning and design are omitted, 
although their use in structural design is covered in 
one paragraph. 

In brief, although this handbook already covers an 
unusually wide range of topics, it needs further 
expansion in certain fast-growing areas of the civil 
engineering profession, to match the growth in its 
scope. Despite this critical comment, it is felt that this 
text offers an excellent treatment of the more classical 
and theoretical aspects of civil engineering, and most 
of the authors are world-renowned specialists in their 
field. Du. 


Books received 

Publications of the Institut du Transport Aérien, 
ITA, Paris, 1961: 

Frontiers and the Revolution in Transport, by Jean 
Mercier. 

Study 61/7: Comparative Study of Nine European 
Airlines’ Traffic and Financial Results, by Geo 
Besse. 

NT 339: Future STOL Possibilities from US. 
Helicopter-Airline Experience. 

NT 340: Air/Road Service Stations to Further 
Private Flying. 


CLASSIFIED ADVERTISEMENTS 


1 PBY-5A. Two crew. Cargo doors and _ floor. 
Extra windows, removable airline seats and tables, 
galley, etc. No corrosion. New C. of A. on delivery. 
Available now. Apply Box 357. Interavia, Geneva 11 
(Switzerland). 





LETTER 
TO THE EDITOR 


Sir, 

An article by Dipl.-Ing. Biiller correctly describes 
and identifies by name the Grunberg hydrofoil 
watercraft in the April ’61 issue of Interavia (“ ’Hydro- 
oil Craft of Today and Tomorrow ”). 


A few paragraphs later, in obvious reference to the 
same configuration, the article makes a far less valid 
statement. It says, “ the vessels developed according 
to this method were saddled with the defects of both 
types—the cavitation of underwater wings and the 
sensitivity of glide wings to waves.” The inference is— 
while some hydrofoil boats cavitate but are insensitive 
to the state of the seas, and other craft are affected by 
the waves but enjoy freedom from cavitation, Grun- 
berg merely compounds their objectionable features, 
without sharing in the merits. The facts are quite to 
the contrary. 


In the first place, the premise is not correct. No 
watercraft has succeeded so far in completely sub- 
tracting itself from the disturbances created by rough 
seas, and this holds true of the “variable area” 
(or “waterpiercing”) hydrofoil boats preferred by 
Mr. Biller. Nor can lift-producing hydrofoil avoid 
cavitation when performing beyond their operational 
reach, generally limited by velocity. So, why “saddle” 
the Grunberg system with all the sins and absolve, at 
least partly, its rivals? 


In the second place, a quantitative comparison 
between the water-piercing hydrofoils and _ the 
Grunberg fully submerged hydrofoils reveals that of 
the two, the former are more vulnerable to cavitation 
and ventilation to boot. I might add that one parti- 
cular version of the Grunberg system totally elimi- 
nates cavitation and ventilation, regardless of speed. 
But that is a different story, it does not belong here. 


Either Mr. Biiller did not have first-hand informa- 
tion on the behavior of the Grunberg system, or else 
his data were obtained from a nonrepresentative, 
inefficiently designed watercraft. My own experience 
contradicts his implications. From the outset, I 
achieved excellent seaworthiness, and there is room 
left for further improvements. The point which I wish 
to make is—what Mr. Biiller calls the “glide wings” 
of the Grunberg configuration encompasses a broad 
assortment of variously shaped bodies, not necessarily 
wings. While some shapes may be greatly affected by 
the waves, others are remarkable in their ability to 
cushion the wave impacts. A designer has, in addition, 
other parameters to bring into play in improving the 
sea-going qualities of a craft. This can be, and has 
been, achieved with the Grunberg system. Mr. Biiller 
claims that Supermar A.G. have found a way of 
optimizing in a similar manner the operation of an- 
other type of hydrofoil craft. Excellent news! But it 
only lends weight to my point. 


The Grunberg configuration is not a thing of the 
past, of merely historical interest. It is prepared to 
meet any good competition; but it could be discre- 
dited, and progress itself undermined, by unwarranted 
adverse publicity, particularly when given by a publi- 
cation of Jnteravia’s circulation and standing. I am 
confident, Mr. Editor, that in all fairness you will 
find it necessary to prominently display my refutation. 


While on the subject, may I bring to attention two 
less consequential inaccuracies in the cited article? 


(1) I never intended to perfect Forlanini’s concept, 
whether in the original form (essentially retained by 
Bell), or as evolved into Crocco’s design, the fore- 
runner of most modern water-piercing configurations. 
In fact, the two approaches, Forlanini’s and Grun- 
berg’s, are basically different. One stabilizes by varia- 
tion of the immersed area, the other uses constants 
area/variable angle of attack hydrofoils. I might add 
that I was not even aware of any earlier experiments, 
until I conceived my system and searched the literature 
for possible antecedents. 


(2) My first experiments were conducted in the mid- 
thirties, not in the twenties, as. asserted in the article. 


Dayton 6, Ohio 


W. A. Graig-Grunberg 
Ingénieur Civil de I’ Aéronautique 
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short take-off aircraft 


proven the world over 
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Friedrichshafen - Munich 
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AIRCRAFT HEAT EXCHANGERS 


LIGHT, COMPACT 


ARE NOW AVAILABLE 


ALUMINIUM 


IN THE 


HEAT EXCHANGER 


e@ Dil coolers 


@ Heat exchangers for electronic equipment 
cooling circuits. 





@ Engine supercharger intercoolers and 
cabin air coolers... 





These are some of the applications of 
CEMAT heat exchangers. 





Constructed of plates interleaved with corrugated 
metal, the CEMAT heat exchanger can be mass- 
produced by furnace brazing. 








; COMPAGNIE EUROPEENNE DES 
MATERIELS THERMIQUES 


75, QUAI D’ORSAY, PARIS 7© - TEL. INV. 44-30 





















Ekco transistorised airborne 
Weather Radar systems are designed 
for all types of modern aircraft 


STANDARD The standard Type E190 radar, as sup- 
plied or scheduled for many of the world’s latest 
airliners, consists of a scanner, transmitter/ 
receiver and indicator and weighs under 60 lb. 
LIGHTWEIGHT By using a new, lighter scanner, we 
have reduced the weight to 46 1b. which makes the 
equipment suitable for installation in smaller 
executive and private aircraft. 

DUPLICATE The Ekco Duplicate System has a total 
weight of only 103 1b.—less than half that of other 
single systems. It provides full fail-safe conditions, 
either transmitter/receiver unit operating with 
either indicator unit. 





SCANNER - TRANSMITTER/RECEIVER - INDICATOR 





To simplify servicing, the basic Electronic Units are common to all systems. 





See the Ekco Weather Radar Systems on our Stand 193 
and 194 at Farnborough, together with 
Automatic VHF/DF Equipment and Transistor Inverters. 


ACO 


ahead in electronics for aviation 





EKCO ELECTRONICS LTD, SOUTHEND-ON-SEA, ESSEX. TEL: SOUTHEND 49491 



















Helicopter 
certificated by the R.A.I. 
AGUSTA-BELL 102 to CAR. standards , 


Characteristics 
Engine rating 600 h.p. ae 
Overall weight 6,008 Ib 











Payload 2,017 Ib 
Maximum speed 110 m.p.h. 
Cruising speed at 1,950 feet above 

sea level 99 m.p.h. 
Service ceiling in forward flight 

(max. weight) 12,800 ft 
Hovering ceiling within the 


ground effect 8,100 ft 


Endurance with normal tanks 3 hours 20 min 











COSTRUZIONI 
AERONAUTICHE 


A 7 GIOVANNI 
ae Y AGUSTA 


CAMPO DI GASCINA COSTA - GALLARATE (ITALY) 

















Complete 
Nav-Comm 
Systems 






Meet FAA-TSO Requirements 


You get all-channel capability—lower current 
drain—lighter weight—and lower cost with this 
complete, all-Dare Communications and Naviga- 
tion System. Every component has been designed 
for reliable operation to airline standards. Every 
unit meets exacting FAA-TSO and FCC require- 
ments. Your Dare distributor will be glad to 
demonstrate the complete system—or any part of it. 


=e 


DTR-360 B—360 Channel DTX- ba re DTX- 2-0 srennet 
20-Watt 10-W 25-W 
Communications System VHF Tranemitter VHF Tosnouitior 








mitten 


VF Navigation System 


108 00 





DADF-1—LF and MF 
Automatic Direction 
Finder 





COMING SOON! The New Dare 480 


DGS-20—Glide Slope Miniature all-transistor Nav system 


Navigation Receiver 


DM-3—Marker Beacon 
Navigation Receiver 


Designers and manufacturers of aircraft communications 
and navigation systems; and military electronic equipment 








MONK BRIDGE 


Turbine and Stand 
Compressor Blades  ** 76” 
precision forged 

on aerofoil or with 

machining allowances 

or completely 


finished 
machined 











We are the largest and best equipped producer of precision 
forged blades to very close limits of dimensional accuracy 
and surface finish, and to the highest metallurgical 
standards. Turbine Blades in a full range of heat and creep 
resisting steels and Nimonic alloys. Compressor Blades in 
aluminium bronze, high creep stainless steels and titanium 
alloys. Also: precision forgings in the newer or difficult- 
to-machine metals for nuclear, missile, chemical, surgical 


and other equipment. 






MONK BRIDGE IRON AND STEEL COMPANY - LEEDS 12 


Branch of Daniel Doncaster and Sons Ltd., Sheffield 


: 7 





ALFA ROMEO 
GIULIETTA 








The Giulietta Spider, whose lines are a creation of Pinin Farina, 
affirms throughout the world the uncontested supremacy of Italian 
style. An open car with a clean aerodynamic profile, it has two 
comfortable seats and is the ideal vehicle for fast travel. 








@ EFFICIENT. Removes tenacious ® THOROUGH. All surfaces are 


metallic oxides and scale from parts in cleaned and exposed for efficient and 
high temperature section of jet engines accurate penetrant inspections. Flaws are 
without harming the underlying metal. not bridged or filled. 


@ FAST. A large number of parts canbe @ INEXPENSIVE. Requires minimum 





cleaned simultaneously, thus eliminating initial investment both in equipment and 
individual handling. materials. All solutions can be easily 
maintained. 
.: os @ APPROVED. Accepted and approved by major jet aircraft engine manufacfurers and in 
= cipcis world-wide use at jet engine overhaul installations. 
Goubustion liner lower half processed through 
urco 


TURCO PRODUCTS, INC. | TURCO CHEMISCHE 
P.O. Box 1055, Wilmington, PRODUCTEN N. Vv. 


- California Eendrachtsweg 37, Rotterdam 























During the last seventeen years over 


900 test ejections have been made in 


developing the. Martin-Baker ejection 


seat into the finest prece of aircrew 
escape equipment of its kind in the 
world to-day 

The vast experience gained by Martin- 
Baker in this particular field of 
aircrew safety has resulted in a life 
being saved every fourth day, on aver- 
age, during 1960 and 1961 

To date 453 lives have been saved by 


Martin-Baker ejection seats 











MIRAGE III 


IS EQUIPPED BY 


MESSIER 


THE UNDERCARRIAGE SPECIALIST 
PEMA 58, RUE FENELON, MONTROUGE (SEINE) - ALE. 22-36 


















Polish 











Sole exporter: 


MOTOIM PORT 


Foreign Trade Enterprise 
Warszaw, B. P. 365, 
Przemyslowa 26, 

Poland 

Cables: 

MOTORIM- Warszawa 









Aircraft instruments 
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ET aC 


THE MIDDLE EAST 
KARACHI | 
BOMBAY | 


FOR INFORMATION AND BOOKINGS 


: ~ your 4ATA TRAVEL Agent or Middle East Airlines, — 
494 — BAHRAIN: 408 1/8 ~ BEIRUT: 22.12.12/5 — OHAMRAN: 5282/3 ~ 
“re FRANKFURT: 335154 — GENEVA: 32.03.00 - GENOA: 
~ GLASGOW : City 3388 — HAMBURG: 344995 - ISTANBUL: 
Siw Hyde 5683/6 — MARSEMLES: 2055-31 ~ MILAN: 657.881 ~ 
+o% = 8900 ~ PARIS: RIC - 51-57 - ROME: 47.91.95 - _ 
+ kon 2.9900 ~ ee » VE « —- - . 


Represented by: 


PALMA S.A. 


Matériel Aéronautique 
7, rue Bellot 
Genéve (Switzerland) 

Tel. (022) 25 34 77 
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Clichés 
Schwitter SA 


Bale Zurich 
Lausanne 








Clichés pour impression 
en une ou plusieurs couleurs 


Galvanos Albert Fischer 


Stéréos - Flans 
Clichés pour gaufrage et reliure 


Clichés en bakélite 
Clichés en caoutchouc 


Retouches américaines 


Photos en couleurs 
pour I’art et Il’industrie 


Agrandissements 
photographiques 
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Subscriptions for 
yourself and your friends... 


wil! make sure that you receive your copies of “INTERAVIA 
Review” regularly every month. Just fill out the enclosed order 
card and send It to Interavia’s nearest agent or to your bookseller 


Representatives: 


Australasia: Interavia, 5, Tedstone Crescent, Bal- 
win E.8., Victoria. 

Austria: Interavia, P. O. Box 192, Vienna !./1.Postal 
Cheque Account: Osterr. Postsparkassenamt, 
Wien, No. 153.073. 

Belgium: Interavia, 149, avenue des Statuaires, 
Brussels 18. Postal Cheque Account: Bruxelles 
792.19 INTERAVIA. 


Caged: interavia, 25, Farmcote Rd., Don Mills, 
nt. 


Cuba: Tano Gémez, Prado 412, Havana. 

France: Interavia, 144, avenue des Champs-Elysées, 
Paris 8. Postal Cheque Account: 5471-40, Paris. 

Germany: Interavia, P.O. Box 99, Bonn 3. Postal 
Cheque Account: Interavia S. A., Geneva, Kéin 
194.802. Bankers: Interavia S. A., Geneva, Frank- 
furter Bank, Frankfurt/M., No. 57.779. 

Great Britain: Interavia (U.K.) Ldt., 149, Fleet 
Street, London, E.C.4. Bankers: Swiss Bank 
Corporation, 99, Gresham Street, London, E. C.2; 
Lloyds Bank Ltd., 39, Piccadilly, London, W. 1. 

Holland: Henk A.dJansen, Olympiaplein 84, 
Amsterdam-Z. Bankers: Interavia, Amsterdam-. 
sche Bank N.V. (Postal Cheque Account 
No. 8000), Amsterdam. 

India: Interavia, No. 2, Gandhigram Rd., Juhu, 
Bombay 54. Bankers: Lloyds Bank Limited, Dr. 
Dadabhoy Naoroji Road, Bombay 1. 

Italy: Interavia, Via Latina 43, Rome 4.71. 

Japan: Interavia, Isogo, P.O. Box 3, Yokohama. 


Mosiens Interavia, Apartado Postal 2297, Mexico 1, 


Middie East: Interavia, P.O. Box 966, Graham 
Station, Beirut. 

South Africa: Interavia, P.O. Box 10242, Johan- 
nesburg. Bankers: Central Africa Building 
Society, Johannesburg. 

Spain: Interavia, Gaztambide 56, Madrid 15. 

Sweden: Interavia; P. O. Box 29, Linképing. 

Switzerland: Interavia, Corraterie 6, Geneva. Postal 
Cheque Account: Genéve: |. 5380. 

aan Interavia, 185 Madison Ave., New York 16, 


Venezuela: Michel Frochot, Apartado 2.648, 
Caracas. 
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9.00* 


* two years $ 16.00 
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0 3 years 
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Please enter my subscription to I NTE RAVIA 


in English/French/German/Spanish * 


commencing with the ........ 
Subscription fee _.... 
Profession: .................... 


Address 
Employer 


For gift subscriptions 


This subscription has been ordered by: 


Currency 


£ Sterling 
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Subscription prices 
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three years $22.00 
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INTE RAVIA 


Aviation and Space 


Publications circulate the world 


Dally: 


INTERAVIA Air Letter — World Aviation and Astronautics Day 
by Day 
in English, French and German 


— is the only truly international specialized bulletin 
— ls despatched five times weekly by air all over the world 


— reports rapidly and reliably on all the most important 
events and developments in all fields of aviation and 
astronautics 


— is issued only to those concerned with aviation and 
astronautics. 


Monthly: 


INTERAVIA World Review of Aviation and Astronautics 
in English, French, German and Spanish 


— the forum of leading specialists the world over 


— reports on the aircraft industry, air transport, military 
aviation, electronics, rockets, satellites and space 
vehicles. 


Ask for free specimen copies 


Yearly: 


INTERAVIA ABC World Directory of Aviation and Astronautics 
in English, French, German, Italian and Spanish 


The leading work of reference for all concerned with 
civil and military aviation throughout the world. 


Please fill in the address 


| 
| 
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Transoceanic telex service 
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he Rented private lines to | 


parties overseas 





Our information service will 
advise you without obligation. 


S.A. Capital 24.000.000 de NF. : 
6, Av’ d/léna - PARIS 16° RADIO - SUISSE 


Tél. KLEber 62-50 Société anonyme 


Cables : Telesagem 
Telex 20815 de télégraphie et téléphonie sans fil, 


Berne, Viktoriaplatz 1 
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OFFICINE AERONAVALI S.p.A. 


VENICE-LIDO 
tel. 60.316 - 60.883 





* 


Aircraft construction 
and repairs 


Airport Equipment 
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COMPAGNIA ITALIANA 
ASSISTENZA SERVIZI AEREI S.p.A. 











FIUMICINO 
INTERCONTINENTAL AIRPORT, 
ROME 


The authorized organization with own facilities and the most 
up-to-date equipment for the ground-handling of commercial 
airliners and charter aircraft. 


Head Office: 
Rome - Via S. Nicola da Tolentino 77 
Tel. 470 414 - 470 415 


Technical Services: 
FIUMICINO Intercontinental Airport 
Tel. 601 520 - 601 646 


in acoustic equipment for use in noisy surroundings 
* MAGNETIC MICROPHONE K 772 | 
%* DYNAMIC 


with noise cancelling device (30 db at 200 c/s) 


% and CARBON 





















EARPHONES CL 777 





Overall noise re- 
duction 30db 






RAPY 





Information upon request 


9, Rue Edouard Nieuport - Suresnes (Seine) 











TEL. : LON. 20-40 








GLACE TRIPLEX 





LONGJUMEAU 








SAFETY GLASS 
ANTI-MISTING 
ANTI-ICING 


Allée d’Effiat 
(Seine-et-Dise) 
Telephone 928-92-83 
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SOFRANCE K 3 


DECIMICRONIC FILTERS 





Fuel filtration to 
1/10 micron, 
100°/o water-free 
fuel, 1°/o annual 
maintenance cost 


COMPLETE 
SAFETY 












SOFRANCE s.A. 








TELEX : 58036 

PARIS - 206 bd. Péreire BRUSSELS - 35 av. des Canaris 
Phone : ETO 35-19 Phone : 72-76-13 

LYON - 1, rue Ferrandiére STUTTGART - 33 Stephanstr. 
Phone : 37-82-52 Phone : 930-27 

DUNKIRK - 24 rue Faulconnier LEGHORN - Corso Mazzini 70 

Phone : 66-52-84 Phone: 24-481 

LIMOGES - 34 av. Général Leclerc TARRASA (Barcelona) 
Phone : 37-26 and 28-23 San Cristobal 27 - Phone : 2979 

ALGIERS - 5 rue Lys du Pac TOULOUSE Agency 
Phone : 6360-29 21, rue des Orchidées 











THE 


BRITISH AVIATION 
INSURANCE COMPANY 
LIMITED 


HEAD OFFICE 


3-4, LIME STREET, LONDON, E.C.3. 
Telephone: MANSION HOUSE 0444 


BRANCH OFFICES 
MONTREAL - TORONTO - EDMONTON 
JOHANNESBURG - CALCUTTA - BRUSSELS 


THE OLDEST AND LARGEST OFFICE SPECIALISING 
IN CIVIL AVIATION 





THE AIR SAFETY 
& SURVEY DIVISION 


3-4, LIME STREET, LONDON, E.C.3. 
OFFICE HOURS 24 HR. SERVICE 
Telephone: MANSION HOUSE 0444 


offers 


A unique and comprehensive technical service covering all aspects 
of aviation available to Governments, Airline Operators and Manu- 
facturers. Embracing impartial and accurate accident investigation, 
defect studies, crashed aircraft recovery, detailed damage reports, 
aircraft repair and salvage, valuations, operational procedures and 
re-equipment programmes. Available throughout the civilised world. 











ARMEE 


un meétier 


arme nouvelle 
écoles modernes 
technicien d'avenir 





AODRESSEZ-VOUS 
AU MINISTERE 
DES ARMEES “Air” 
SERVICE D'INFORMATION 
ET D’ETUDES 
26, BOUL. VICTOR 
PARIS 15* + LEC. 84.63 
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AERODYNAMIQUE 


Thémes choisis a la lumiére 
de leur développement historique 


by Théodore von Karman 
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First flight! 


The fledgling shook its wings. Dropped its tail. And then lurched ahead into flight. Airborne 
for 12 seconds before splashing down on a field puddle. You have just followed the world’s 
first powered plane ride, in 1903. Esso fueled this flight. And has made many major aviation 
contributions since then. The first commercial jet flew on Esso Turbo Oil. Most still do. To- 
morrow’s airliners will fly three times the speed of sound — on Esso products developed for 
supersonic flight. Yes, Esso has hatched many new ideas in aviation. With advanced petroleum 
products from Esso Research; advanced servicing techniques. These are perhaps two major 
reasons why Esso is the World’s First Choice! Our local organization welcomes your inquiry. 
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